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“Nature,  what  things  there  are 
Most  abject  in  regard  and  dear  in  use  !  ” 

— Shakespeare,  Tt'oilus  and  Cressida. 

Alo  Sei  /urj  Svo’xepaiveiv  7raiSiKoos  Tr]V  i repl  rw 
anpoTepcop  ^w(jov  e7rlcrKe\Jsiv. 

— Aristotle,  De  Partibus  Animalium. 

“For  that  it  is  not  meet  childishly  to  crab  the  study 
of  even  the  ignoble  animals.” 
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TO 

SIR  PATRICK  MANSON 

G.C.M.G.,  F.R.S. 

1  ‘  Grande  decus  columenque  rerum.” 

“First  he  wroghte,  and  afterward  he  taughte; 
But  in  his  teching  discreet  and  benigne.” 


FROM  THE  PREFACE  TO  THE 
FIRST  EDITION 


THIS  volume  is  printed  in  response  to  repeated  requests 
from  members  of  my  classes  at  the  London  School  of 
Tropical  Medicine.  Its  aim  is  to  provide,  within  convenient 
compass,  a  general  account  of  those  Arthropoda  that,  as  a 
sequel  to  discoveries  which  have  immortalised  the  names  of 
Manson  and  Ross,  every  medical  and  sanitary  officer  who 
has  to  follow  his  vocation  beyond  the  seas  is  now  expected 
to  look  out  for,  to  recognise,  and  to  endeavour  to  control. 


PREFACE  TO  THE  SECOND  EDITION 

Though  this  second  edition  has  been  written  and  illustrated 
anew,  its  aim  and  purpose  are  the  same  as  those  of  its 
original.  That  is  to  say,  it  has  no  pretensions  to  figure 
among  formal  and  final  text-books  of  applied  entomology, 
but  is  intended  for  medical  men — particularly  those  far  from 
home — who,  having  in  their  own  calling  some  understanding 
of  one  important  branch  of  applied  biology,  and  being 
conversant  also  with  the  intrinsic  phenomena  of  the  several 
insect-borne  diseases  of  man,  desire  further  such  ready 
acquaintance  with  the  entomological  borderland  as  may 
enable  them  to  recognise  and  follow  up  the  insects  and 
kindred  creatures  that  thence  invade  the  medical  domain, 
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PREFACE 


The  book,  in  short,  is  a  plain  digest  for  the  medical  officer 
abroad.  In  its  compilation  it  is  loaded  with  debts,  among 
which  I  must  specially  acknowledge — as  they  naturally  are 
the  least  obvious  to  the  reader — those  due  to  the  authorities 
of  the  British  Museum  of  Natural  History.  On  the  collec¬ 
tions,  laboured  and  distilled  by  experts,  of  the  great  natural 
history  museums  all  zoology,  as  being  in  the  last  resort  a 
science  of  classification,  has  its  firm  foundations,  and  to  those 
great  collections  applied  zoology  also  must  trust  finally  for 
the  sureness  of  its  particular  aim.  The  paramount  necessity 
of  the  outside  worker  for  access  to  these  standard  collections 
is  always  most  generously  allowed  and  alleviated  by  their 
individual  custodians  at  the  British  Museum,  and,  as  a 
frequent  beneficiary,  I  cannot  but  acknowledge  my  obliga¬ 
tions  to  that  institution  generally,  and  individually  to  Dr 
C.  J.  Gahan,  Major  E.  E.  Austen,  D.S.O.,  Dr  W.  T.  Caiman, 
Mr  J.  H.  Durrant,  Mr  F.  W.  Edwards,  and  Mr  S.  Hirst.  Nor 
may  I  forget  Dr  Guy  Marshall,  Director  of  the  Imperial 
Bureau  of  Entomology,  who  has  furthered  this  enterprise 
with  material  validated  in  the  Museum. 

A.  ALCOCK. 

Heathlands,  Belvedere,  Kent. 
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CHAPTER  I 

Introduction 

ALTHOUGH  the  primary  object  of  this  book  is  to  distinguish 
for  closer  attention  the  Insects  and  other  Arthropoda  that 
concern  the  medical  profession,  there  are  some  general 
propositions  relating  to  the  classification  and  geographical 
distribution  of  animals  that  require  preliminary  consideration. 

I. — Classification  of  Animals. 

In  modern  systems  animals  are  grouped  to  begin  with 
according  to  their  ultimate  inherent  fabric,  in  two  great 
series — Protozoa  and  Metazoa.  The  Protozoa  include 
animals  which  consist  either  of  a  single  cell,  or  of  a  small 
conglomeration  of  cells  that  are  individually  self-sufficing 
and  are  all  nearly  or  quite  alike.  The  Metazoa  include 
animals  that  are  compacted  of  cells  of  many  different  kinds 
forming  a  mutually-dependent  system  of  tissues. 

The  Metazoa ,  again,  are  grouped,  according  to  their 
method  of  taking  in  food  from  outside,  in  two  assemblages, 
PORIFERA  and  Enterozoa.  The  Porifera  include  the 
Sponges,  which  receive  their  food-supplies  through  minute 
pores  in  the  surface  of  the  body.  In  Enterozoa  there  is— 
leaving,  for  the  moment,  a  degenerate  miscellany  of  parasitic 
forms— a  definite  digestive-cavity  communicating  with  the 
outside  world  by  a  mouth. 
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The  Enterozoa ,  again,  are  separated,  according  to  the 
general  relations  of  the  digestive-cavity,  in  two  groups, 
Ccelenterata  and  Coelomata.  In  the  Coelenterata  the 
digestive-cavity  is  the  only  cavity  and  is  bounded  by  the 
body-wall ;  in  the  Coelomata  the  primitive  digestive-cavity 
gives  origin  to  another  cavity — the  coelom,  commonly  called 
the  “  body-cavity  ” — in  which  the  digestive-cavity  itself 
usually  becomes  suspended. 

In  the  flat-worms,  which  are  commonly  rated  as  Ccelomates,  the 
body-cavity  is  parenchymatous.  In  some  parasitic  flat-worms,  too,  and 
in  a  few  parasitic  round-worms,  mouth  and  digestive-cavity  are  non¬ 
existent. 

The  Coelomata  are  differentiated  by  innate,  determinative, 
structural  characters,  into  a  number  of  comprehensive  groups 
termed  Phyla  (<j>v\ov  =  a.  clan).  Of  these,  the  principal  are 
(i)  PLATYHELMINTHES,  or  unsegmented,  largely  parasitic, 
flat-worms,  in  which  the  digestive-cavity,  if  present,  ends 
blindly;  (2)  NEMATHELMINTHES,  or  unsegmented,  mostly 
parasitic,  round-worms,  in  which  the  digestive-cavity— -usually 
present — has  a  vent;  (3)  Annelida,  or  soft,  segmented 
animals  like  the  sea-worms,  earth-worms,  and  leeches,  where, 
if  appendages  be  present,  they  are  soft  and  unsegmented ; 
(4)  Arthropoda,  or  segmented  animals  having  segmented 
appendages  and  a  more  or  less  indurated  cuticle,  such  as 
insects,  centipedes,  scorpions,  ticks,  and  the  Crustacea;  (5) 
ECHINODERMA,  or  radially-symmetrical  coelomates,  like  the 
starfish  and  sea-urchin ;  (6)  MOLLUSCA,  or  unsegmented 
animals  like  the  snail,  mussel,  and  cuttle-fish,  in  which  the 
body  is  more  or  less  enveloped  in  a  mantle  and  protected  by 
a  shell ;  and  (7)  CHORDATA  (roughly  corresponding  with  the 
animals  commonly  called  Vertebrates),  which  possess  a  back¬ 
bone  (or  its  prospectus),  a  dorsal  axial  nerve-tube,  and 
breathing-organs  developed  from  the  pharyngeal  region. 

Besides  these  chief  phyla  there  are  several  small  aquatic  (mostly 
marine)  phyla  some  of  which  are  satellites  of  the  Annelida,  others  of  the 
Chordata. 

The  constituents  of  a  phylum  are  split  sometimes  on 
modifications  of  the  phyletic  characters,  sometimes  on  dis¬ 
similarities  of  other  kind,  into  large  subordinate  groups  termed 
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Classes,  Thus  in  the  phylum  Arthropoda  five  different 
Classes  are  distinguished.  Taking  the  Class  Insecta  as  an 
example  of  one  of  them,  it  is  distinguished  from  all  the  others 
by  a  particular  regional  arrangement  of  the  segments  of  the 
body  and  their  appendages,  and  by  the  adult  possession 
of  wings. 

Within  the  general  likeness  of  a  Class,  again,  there  are 
modifications  of  or  peculiar  deviations  from  the  standard, 
around  which  the  components  of  the  Class  are  split  into 
groups  of  lower  subordination,  termed  ORDERS.  Thus  m 
the  Class  Insecta  about  twenty  different  Orders  are  generally 
recognised.  Taking  the  Order  Diptera  (Flies)  as  an  example 
of  one  of  them,  it  is  distinguished  from  all  the  others  by 
certain  peculiarities  of  the  wings  and  modifications  of  the 
mouth-parts. 

Within  the  general  likeness  of  an  Order,  again,  there  are 
minor  differences  and  modifications  that  are  sorted  into 
groups  of  still  lower  rank  termed  FAMILIES.  Thus  the 
Family  Culicidce ,  as  an  example  of  one  of  the  many  families 
composing  the  Order  Diptera,  is  distinguished  from  all  the 
others  by  a  combination  of  characters,  among  which  certain 
peculiarities  of  the  veins  of  the  wings  are  finally  remarkable. 

Under  the  general  Family  likeness,  again,  a  trained  eye 
sees  modes  and  differences  that  can  be  assorted  into  groups 
of  a  lower  grade  termed  Genus.  Culex ,  for  instance,  is  one 
of  the  many  generic  modes  of  the  family  Culicidce ,  the 
modifications  being  displayed  in  little  details  of  shape, 
sculpture,  vesture,  armature,  etc.,  both  of  adult  and  of  larva. 

Finally,  by  the  sifting  of  recurrent  likenesses  and  un¬ 
likenesses  that  are  consistent  with  the  generic  standard,  we 
come  to  forms  that  seem  to  be  entirely  and  constantly  alike 
in  all  particulars  however  trivial,  and  these  are  termed 
Species.  Culex  pipiens ,  for  instance,  is  the  specific  name 
applied  to  all  individual  mosquitoes  of  a  standard  pattern  of 
colour,  vesture,  etc.,  distinct  from  all  other  patterns  composing 
the  genus  Culex. 

In  the  theory  of  Evolution  the  general  resemblances  that 
are  common  to  all  the  species  of  a  genus  are  taken  to  signify 
descent  from  a  common  ancestor,  and  the  deeper  and  less 
obvious  resemblances  that  in  each  case  are  common  to  the 
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family,  the  order,  the  class,  and  the  phylum,  are  held  to 
imply  stages  in  a  line  of  ancestry  growing  more  and  more 
remote.  Thus,  in  a  natural  classification,  based  upon  well- 
established  facts  of  structure  and  development,  the  lineage  of 
a  species  is  supposed  to  be  recorded,  step  by  step,  through 
genus,  family,  order,  and  class,  back  to  some  supposed 
ancestor  of  the  phylum  ;  and  in  the  vast  immemorial  tracts 
of  time  that  lie  behind  the  hypothetic  ancestors  of  the  several 
phyla,  we  may  imagine  a  Great  Original  of  all,  perhaps  not 
essentially  different  from  the  Protozoon  type,  or  the  simple 
nucleated  cell  in  which  the  individual  Metazoon  has  its 
beginnings. 

It  is  a  truism,  not  always  honoured  in  the  remembrance, 
that  the  successive  terms  of  a  system  of  classification  are 
merely  abstractions  of  increasing  generality  —  incorporeal 
things  of  the  mind,  “  in  nudis  intellectibus posita  ” — and  that 
the  entities  of  the  classification  are  individual  animals  of 
divers  kinds  in  divers  phases  of  their  existence,  which,  after 
due  comparison,  are  ticketed  in  groups  that  have  to  be  placed 
in  natural  perspective.  It  is  also  a  truism  that  since  the 
terms  of  a  classification  are  merely  the  coinage  of  the  brain, 
no  two  zoologists  dealing  with  a  given  group  of  animals  can 
always  be  in  complete  accord  as  to  the  exact  limits,  or 
definition,  of  their  species,  genera,  etc.,  quot  homines  tot 
sententice  being  as  true  in  systematic  zoology  as  in  other 
human  affairs. 

As  to  the  proximate  groups  of  the  classification,  named 
“  species,”  the  term  implies  the  existence  in  Nature  of 
aggregates  of  individuals  that  cannot  be  distinguished  one 
from  another  by  any  constant  features  except  such  as  depend 
upon  sex,  age,  season,  accidents  of  position,  or  habit.  The 
final  criterion,  which  is  seldom  applied,  is  that  the  individuals 
always  breed  true  from  generation  to  generation.  Though 
the  individuals  composing  a  species  are  alike,  they  have  not 
the  uniformity  of  a  geometrical  figure  ;  there  seems  to  be  an 
inevitable  tendency  to  vary  from  the  ideal  specific  standard, 
particularly  in  the  case  of  a  “  common  ”  species  ranging  over 
a  wide  and  diversified  area — a  Darwinian  proposition  which 
anyone  can  verify.  What  such  individual  deviations  from 
the  standard  depend  on  it  is  impossible  to  say ;  but  it  is 
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reasonable  to  believe,  with  the  Mendelists,  that  unless  they 
are  the  issue  of  some  innate  modification  they  are  powerless 
to  affect  permanently  the  inherent  stability  of  the  specific 
type;  if,  however,  they  are  inborn,  and  particularly  if  also 
they  are  useful,  or  are  sheltered  by  geographical  isolation,  it 
is  consonant  with  the  Darwinian  theory  that  they  may  be 
perpetuated  as  races  or  as  subspecies . 

It  remains  to  be  said  that  when  the  eye  is  constantly 
focussed  upon  a  single  group  of  animals  it  has  a  natural 
tendency  to  magnify  and  dwell  upon  differences  and  dis¬ 
tances.  Hence,  not  only  are  species  split  into  subspecies , 
genera  into  subgenera ,  families  into  subfamilies ,  and  orders 
into  suborders  and  sup  erf  amities,  but  also  classes  may  be  split 
into  subclasses.  Generally  approved  convenience  of  reference 
is  the  only  justification  for  a  method  that  often  is  so  much 
“  more  studious  to  divide  than  to  unite.” 

Finally,  we  must  not  forget  Carlyle’s  warning  that  while 
Nature  holds  on  “her  wondrous  unquestionable  course,  all 
our  systems  and  theories  are  but  so  many  froth-eddies  and 
sandbanks,  which  from  time  to  time  she  casts  up  and  washes 
away.” 

II.— Some  Elementary  Principles  of  Zoological 

Nomenclature. 

In  referring  to  a  species  according  to  the  Linnean 
system  the  name  of  the  genus  is  always  prefixed  to  the 
specific  cognomen :  pipiens ,  being  the  specific  cognomen 
of  every  individual  of  one  particular  kind  in  the  genus 
culex,  that  particular  kind  is  officially  known  as  Culex 
pipiens. 

When  a  species  has  once  received  a  valid  name — a  valid 
name  being  one  that  is  not  already  appropriated  as  the 
cognomen  of  any  other  species  of  the  same  genus — and 
that  valid  name  has  been  promulgated,  it  cannot  be  changed, 
whatever  may  afterwards  happen  to  the  prefixed  generic 
name.  Thus  the  species  of  mosquitoes  named  Anopheles 
kochi  by  its  author,  must  always  retain  the  cognomen  kochi 
whether  it  be  referred  to  by  the  generic  name  Anopheles , 
or  “  NyssorhynchusP  or  “  Ch ristophersia. ’ ’ 
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The  name  of  a  genus  must  be  a  name  that  has  not 
already  been  appropriated  for  another  group  of  animals. 
Every  genus  should  be  exemplified  by  a  standard  species, 
or  “  genotype,”  and  the  genotype  must  be  the  first-named 
of  all  the  species  included  in  the  definition  of  the  genus. 
A  generic  name  thus  promulgated  cannot  be  changed  :  it 
may  at  any  time  be  narrowed  in  its  application,  in  the  light 
of  subsequent  investigation,  but  in  that  case  it  must  be 
attached  to  the  relict  that  includes  the  “genotype”:  it 
may  also  become  broadened  in  its  application  by  absorption 
of  other  genera,  in  which  case  the  genera  absorbed  become 
a  toast  for  Lethe,  and  their  names  become  disused  synonyms 
of  the  genus  with  which  they  are  incorporated.  Thus  the 
genus  Anopheles  is  narrowed  by  some  authors  so  as  to 
include  only  the  species  that  closely  resemble  Anopheles 
maculipennis  and  to  exclude  a  good  many  Anopheles  species 
of  other  authors,  which  latter  species  have  severally  been 
made  types  of  separate  genera ;  and  it  has  again  been 
broadened  by  other  authors  who  do  not  recognise  these 
separate  genera  and  therefore  suppress  their  names  as 
synonyms  of  Anopheles — the  best  in  this  sort  being  but 
matters  of  opinion. 

Names  of  families  are  formed  by  adding  the  patronymic 
suffix  idee  to  the  inflectional  stem  of  the  name  of  the  earliest 
established  of  all  the  genera  included  in  the  family :  the 
first-described  mosquitoes  having  been  termed  Culex  in 
the  Linnean  system,  all  mosquitoes  are  Culicidae.  Names 
of  subfamilies  are  formed  in  the  same  way  by  the  addition 
of  the  assimilative  suffix  ince.  Family  and  subfamily  names 
cannot  be  changed,  though,  like  generic  names — and  under 
similar  obligations — they  can  be  widened  and  narrowed  in 
their  application,  according  to  opinion. 

It  is  no  infraction  of  any  rule  of  nomenclature  to 
subdivide  any  large  group  into  convenient  sections,  and 
to  label  each  series  with  a  conventional  sectional  name  that 
carries  no  implications. 
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Hi —Geographical  Distribution  of  Animals. 

The  main  principles  that  underlie  the  geographical 
distribution  of  land  (and  freshwater)  animals  are  of 
perennial  interest  to  the  sanitarian,  since  they  may 
determine  his  attitude  towards  some  of  the  most  important 
administrative  problems  that  confront  him,  in  the  tropics 
particularly. 

Man  and  a  congeries  of  animals — domestic,  commensal, 
and  parasitic — that  go  in  his  train,  are  found  all  over  the 
world :  there  are  also  a  few  wild  species  (e.g.,  of  wading 
birds)  whose  range  is  almost  as  unrestricted.  But  as  a  rule, 
in  a  state  of  nature,  each  species  has  a  more  or  less  limited 
range  which  (so  long,  we  may  suppose,  as  the  main  physio- 
graphical  features  of  the  region  remain  constant)  depends 
upon  certain  conditions.  These  conditions  of  existence  include 
not  only  all  the  physical  factors  that  regulate  climate,  site- 
value,  and  food-supply,  but  also  all  those  multifarious  living 
agencies — enemies,  rivals,  and  parasites,  as  well  as  direct  and 
indirect  help-givers  of  every  kind — that  make  up  what 

is  called  the  organic  environment. 

If  the  natural  boundaries  of  any  given  region  and  all  its 
natural  features,  both  physical  and  organic,  could  continue 
perfectly  stable,  there  seems  to  be  no  reason  why  an 
association  of  animals  (and  also  of  plants)  adapted  to  them 
should  not  continue  with  comparatively  little  change  foi 
an  indefinite  period.  But  any  extensive  changes  in  the 
physical  geography  of  the  region — changes,  say,  that  should 
unite  tracts  which  before  were  separated  by  sea  or  other 
barriers,  or  disconnect  tracts  which  before  formed  a  whole- 
must  not  only  alter  the  physical  conditions  and  directly 
upset  the  balance  of  the  organic  environment  of  the  region, 
but  must  also  further  modify  its  population  by  opening 
or  closing  ways  of  immigration  and  emigration.  Hence  the 
congeries  of  species  or  fauna  (and  the  flora  also)  of  any  given 
region  at  any  given  era  must  be  determined  in  the  main 
by  two  factors,  namely  (a)  the  nature  of  the  fauna  (and 
flora)  in  the  ages  antecedent,  and  (b)  the  nature  and  extent 
of  the  geological  changes  that  have  since  taken  place, 
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There  are,  of  course,  other  ways  besides  changes  in  the 
configuration  of  the  land  by  which  land  animals  (and  their 
eggs)  may  be  dispersed  :  in  geologically-recent  times  Man 
has  perhaps  been  the  most  persistent  and  most  important 
agent  of  dispersal,  and  this  influence  of  Man  upon  a  fauna 
may  be  considered  after  the  Zoological  Regions  at  present 
recognised  have  been  defined. 

The  existing  distribution  of  land  and  freshwater  animals 
has  been  investigated  by  numerous  authorities,  among  whom 
P.  L.  Sclater,  Huxley,  and  Wallace  are  pre-eminent. 
Huxley’s  conclusions,  which  give  due  expression  to  the 
importance  of  the  geological  record  for  the  interpretation  of 
the  present  conditions,  are  to  be  found  in  the  Proceedings  of 
the  Zoological  Society  for  1868  and  in  his  address  entitled 
Palceontology  and  the  Doctrine  of  Evolution  (Collected  Essays, 
Eversley  Series,  vol.  viii.,  p.  340).  Sclater’s  scheme,  as 
developed  and  modified  by  Wallace  ( Geographical  Distri¬ 
bution  of  Animals ,  1876),  is  the  one  commonly  used  for 
reference.  According  to  this  scheme,  which  in  a  subsidiary 
way  shows  how  the  present  conditions  may  be  used 
to  interpret  past  geological  history,  the  existing  fauna  is 
distributed  in  six  great  geographical  Regions ,  each  with  its 
own  characteristic  features,  positive  and  negative,  namely  : — 

(1)  The  Australian  Region ,  including  Australia,  New 
Guinea,  Celebes,  and  the  smaller  interjacent  islands,  and 
also  New  Zealand  and  Polynesia.  The  natural  peculiarities 
of  this  region,  with  its  Monotremes  and  Marsupials,  its 
Birds  of  Paradise,  Cockatoos,  and  Bower-birds,  and  with  its 
deficiencies  in  indigenous  placental  Mammals,  are  the  most 
striking  of  all. 

(2)  The  Neotropical  Region ,  including  South  America, 
most  of  tropical  Central  America,  and  the  West  Indies,  has 
singularities  only  less  impressive  than  those  of  the  Australian 
region :  among  the  more  remarkable  are  the  Marmosets 
and  Spider-monkeys,  the  Vampire-bats,  the  Toucans  and 
Tinamous,  the  predominance  of  Edentates  and  of  Humming¬ 
birds,  and  the  marked  deficiency  of  Ruminants  and 
Insectivora. 

(3)  The  Ethiopian  Region ,  including  the  whole  of  Africa 
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south  of  the  Mediterranean  fringe,  the  southern  half  of 
Arabia,  and  Madagascar.  Though  its  distinctive  features 
are  well  marked,  this  region  has  some  general  affinities  with 
the  next. 

(4)  The  Oriental  Region ,  including  the  mainly  tropical 
parts  of  Asia  that  lie  east  of  the  Indus  and  south  of 
the  Himalayas  and  of  the  basin  of  the  Yangtsekiang,  as 
well  as  the  great  islands  of  Ceylon,  Sumatra,  Java,  Borneo, 
the  Philippines,  and  Formosa. 

(5)  The  Palcearctic  Region ,  including  Europe  and  its 
islands,  Africa  north  of  the  Sahara,  and  the  whole  of  Asia 
not  embraced  in  the  Oriental  region  and  excepting  also  the 
southern  half  of  Arabia.  Before  the  glacial  epoch  this  region 
was  inhabited  by  most  of  the  mammalian  types  that  now 
characterise  the  Ethiopian  and  Oriental  regions. 

(6)  The  Nearctic  Region ,  coextensive  with  extra-tropical 
North  America.  Many  competent  naturalists  do  not 
recognise  this  as  a  separate  region  but  unite  it  with  the 
Palsearctic,  under  the  common  name  Holarctic  Region. 

On  the  frontiers  of  every  region  there  is  of  course  a 
certain  amount  of  overlapping. 

The  doings  of  man  may  modify  the  fauna  of  a  given 
region  almost  as  profoundly  as  those  great  cosmic  forces  that 
change  the  configuration  of  the  land  and  sea.  A  fauna  may 
be  impoverished  by  the  persistent  destruction  of  game  for 
food,  or  of  species  furnishing  products  of  great  commercial 
value,  or  of  species  noxious  to  man ;  or  it  may  be  swept 
away  unwittingly  in  the  process  of  bringing  great  tracts  of 
virgin  forest  into  cultivation.  Imported  domestic  animals 
may  run  wild ;  alien  species  introduced  to  provide  food 
or  sport,  or  merely  for  sentiment,  may,  in  the  absence 
of  natural  checks  in  their  new  home,  increase  beyond 
measure,  and  the  same  thing  may  happen  in  the  case 
of  various  insignificant  species  accidentally  introduced  in 
ships  by  war,  and  by  peaceful  commerce.  In  every  case, 
apart  from  any  direct  and  obvious  consequences,  the 
complicated  balance  of  Nature— of  the  organic  environment 
— may  be  upset  with  far-reverberating  effects. 

The  subject  is  a  vast  one,  and  must  only  be  considered 
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here  in  so  far  as  it  may  throw  some  light  on  two  classes  of 
problems  that  come  within  the  intentions  of  this  book. 

(1)  The  first  in  importance  are  problems  relating  to 
the  dispersal  of  pathogenic  Arthropoda  by  human  agency. 
Man  goes  to  and  fro  in  the  earth  with  his  merchandise  and 
his  possessions,  animate  and  inanimate.  In  this  way  he 
blindly  disseminates  many  Arthropods  (adults,  or  eggs, 
or  larvae,  or  pupae)  that  are  commensal  with  or  parasitic 
upon  himself  or  his  domestic  animals,  or  that  live  in  his 
multifarious  apparatus,  equipment,  and  provisions.  Some  of 
the  parasites  may  be  porters,  or  intermediate  hosts,  of 
pathogenic  organisms ;  some  of  the  commensals  are,  or  can 
be,  indirectly  pathogenic  by  polluting  food  and  rendering  it 
unwholesome.  Among  the  parasites  —  to  mention  only 
such  as  are  germane  to  our  subject — are  ticks,  mites,  lice, 
bed-bugs,  fleas,  and  certain  flies ;  among  the  commensals  and 
domiciliaries  are  cockroaches,  crickets,  house-flies,  blow-flies, 
etc.,  and  perhaps  some  hardy  species  of  mosquitoes;  among 
the  spoilers  of  provisions  are  numerous  mites,  beetles,  moths, 
flies,  and  book-lice.  Hence,  in  the  case  of  every  such 
species,  it  is  of  supreme  importance  to  investigate  not  only 
every  aspect  of  its  pathogenic  relevance,  but  also  its  specific 
characters  and  natural  affinities ;  its  seasonal  prevalence, 
fertility,  place  and  season  of  breeding,  and  manner  of 
providing  for  its  offspring ;  and  in  every  phase  of  its 
existence — as  larva  and  adult — its  duration  of  life,  its  details 
of  structure,  its  habits,  haunts,  and  incidence,  its  conditions 
of  existence  (including  food,  enemies,  and  parasites),  its 
arrangements  for  meeting  vicissitudes  of  climate  and  season 
and  food-supply,  its  adaptations  to  transport  and  dispersal, 
and  its  vulnerability  to  treatment.  For  it  is  only  with 
such  complete  and  exact  knowledge  that  this  fauna  of 
Humanity  can  be  controlled. 

(2)  Equally  important  for  our  consideration  are  the 
questions  of  the  extermination  of  any  specific  elements  of  a 
fauna,  and  of  the  introduction  of  any  foreign  species,  as  part 
of  a  sanitary  policy.  These  questions  can  be  decided  only 
after  close  and  exhaustive  study  from  a  purely  biological 
standpoint.  For,  as  regards  the  first  question,  it  must  be 
remembered  that  a  species  does  not  stand  in  a  state  of 
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splendid  isolation,  but  that  all  species  are,  as  Darwin 
expressed  it,  “  bound  together  by  a  web  of  complex 
relations,”  somewhat  after  the  story  of  “  The  House  that 
Jack  Built”;  so  that  a  species  which  appears  to  be  harmful 
in  some  way  may  possibly  be  remotely  contributory  either  to 
the  restraint  of  other  species  that  are  more  harmful  in  other 
ways,  or  to  the  continuance  of  some  species  of  proved  utility  : 

“  Perhaps  acts  second  to  some  sphere  unknown, 

Touches  some  wheel,  or  verges  to  some  goal.” 

Darwin’s  classical  demonstration  of  the  indirect  depend¬ 
ence  of  red-clover  upon  field-mice,  and  so  upon  small 
destructive  carnivora  ( Origin  of  Species ,  5th  section  of 
Chapter  III.),  illustrates  this  point  well.  The  same  line  of 
argument  applies  to  the  introduction  of  a  foreign  species, 
which,  in  addition  to  threatening  the  balance  of  the  local 
organic  environment  in  ways  unforeseen,  may  itself — being 
released  from  its  accustomed  checks — increase  beyond 
measure  and  become  a  gigantic  and  expensive  nuisance. 
This  has  so  often  happened,  and  in  so  many  parts  of  the 
world,  that  it  is  becoming  known  even  to  politicians. 


CHAPTER  II 


The  Phylum  Arthropoda,  its  Characters  and 

Class-distinctions. 

The  aggregate  of  species  included  in  this  phylum  exceeds 
that  of  all  the  other  phyla  combined. 

i  Arthropoda  are  defined  as  segmented  animals  possessing 
|  jointed  appendages  and  a  firm  cuticular  exoskeleton.  They 
resemble  the  Annelida,  or  Segmented  Worms,  not  only  in 
the  segmentation  of  the  body  and  in  the  paired  appendages, 
but  also  in  the  relations  of  the  principal  organs  of  the  body  : 
they  differ  from  Annelida  in  having  the  appendages 
segmented  and  at  least  one  pair  of  them  modified  to  form 
jaws,  in  the  firm  exoskeleton  connected  with  a  system  of 
striated  muscles,  and  in  the  form  and  relations  of  the  renal 
excretory  organs.  There  is,  however,  one  extraordinary 
Arthropod,  Peripatus ,  which  forms  a  sort  of  link  between  the 
two  phyla,  since  it  combines  certain  characteristic  Arthropod 
features  with  such  Annelidan  properties  as  a  body-wall 
composed  of  unstriped  muscle  and  soft  skin,  and  paired 
excretory  organs  in  each  segment. 

The  segments  of  an  Arthropod  are  all  formed  on  one 
plan,  though  that  plan  is  subject  to  much  modification. 
What  may  be  called  the  typical  segment  is  a  ring,  composed 
of  a  dorsal  arc,  or  notum  or  tergum ,  and  a  ventral  arc,  or 
sternum.  Between  tergum  and  sternum  on  either  side  there 
may  be  a  lateral  piece,  or  pleuron ,  the  proportions  of  this 
element  being  very  variable.  The  ideal  segment  carries  a 
pair  of  jointed  appendages,  articulated  near  the  junction  of 
sternum  and  pleura. 

In  all  Arthropoda  except  a  few  shapeless  parasites  a 
certain  number  of  the  anterior  segments  are  indistinguishably 

compacted  to  form  a  head,  and  the  corresponding  appendages 
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are  modified,  wholly  or  partly,  for  sensory  purposes  and  for 
dealing  with  food. 

Behind  the  head  the  segments  and  appendages  may  be 
all  alike,  or  nearly  so,  as  in  a  Centipede ;  or  the  segments 
may  be  unlike  and  more  or  less  fused,  and  their  appendages 
diversely  modified  or  even  to  some  extent  suppressed,  as  in 
a  Crab  or  Insect. 

The  cuticle  or  exoskeleton  consists  of  a  tough  and 
extremely  resistant  substance  called  chitin  (xircov  =  a  coat  of 
mail),  which  may  be  further  strengthened  by  calcareous 
deposits.  It  is  periodically  moulted  en  masse ,  either 
throughout  life,  or,  as  in  insects,  during  the  pre-adult  stages 
of  growth.  It  is  always  thin  and  flexible  between  the 
segments  of  the  body  and  appendages— unless  they  are 
modified  by  concrescence — to  give  freedom  of  movement. 

The  Arthropod  cuticle  is  not  a  true  epidermis  like  that  of 
Vertebrate  animals,  since  it  is  not  composed  of  cells  but  is 
merely  a  secretion  of  the  true  skin.  The  same  remark 
applies  to  the  “  hairs,”  “  bristles,”  “  spines,”  and  “  scales  ”  that 
clothe  or  fortify  the  bodies  of  many  Arthropoda :  all  these 
are  merely  hollow  outgrowths  of  the  chitinous  cuticle  secreted 
by  processes  of  epidermic  cells ;  but  so  long  as  this  fact  is 
not  forgotten  there  can  be  no  impropriety  in  calling  them 
“  hairs  ”  and  so  forth.  Even  those  who  use  the  terms  seta 
(Lat.  seta  =  bristle)  and  chceta  (yarn?  =  hair)  for  the  hairs  and 
bristles,  have  no  other  name  than  “  scales  ”  for  the  broad  flat 
setae  of  the  wings  of  butterflies  and  mosquitoes. 

Not  only  does  the  cuticle  form  an  exoskeleton,  but  it  also 
sends  processes  inwards  to  form  the  tendons  of  the  muscles, 
the  lining  of  certain  parts  of  the  alimentary  canal  and  genital 
ducts,  the  inner  layer  of  the  air-tubes  (tracheae)  when  these 
exist,  and  other  internal  supports. 

The  digestive,  respiratory,  excretory,  and  reproductive 
systems  differ  considerably  in  the  different  classes  of 
Arthropoda :  only  the  vascular  and  nervous  systems  have  a 
general  unity  and  constancy  throughout  the  phylum.  One 
general  fact  about  the  digestive  system  must,  however,  be 
noted  ;  namely,  that  in  all  normal  Arthropods  certain  paired 
appendages  near  the  mouth  are  differentiated,  wholly  or 
partly,  to  form  jaws  or  foot-jaws. 
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The  body-cavity  contains  blood,  and  so  forms  part  of  the 
vascular  system  ;  but  a  heart  and  blood-vessels  are  usually 
present. 

The  heart  is  dorsal  in  position  and  is  enclosed,  more  or 
less  completely,  in  a  pericardium  ;  it  has  no  directly  afferent 
vessels,  but  is  filled  from  the  pericardial  cavity,  the  blood 
passing  through  valvular  slits  in  the  heart-wall. 

The  blood-vessels  vary  in  degree  of  development.  In 
many  Arthropods  the  circulation  is  more  or  less  lacunar,  the 
blood  being  driven  from  the  heart,  by  a  few  short  efferent 
vessels,  into  the  tissues,  whence  it  passes,  either  by  distinct 
vessels  or  by  mere  vague  afferent  currents,  to  the  pericardial 
cavity,  and  so  back  to  the  heart  again.  In  some  Arthropods, 
however,  particularly  though  not  exclusively  in  certain  larger 
forms  that  breathe  by  gills,  there  are  well-developed  arteries 
and  veins  which  may  even  be  connected  by  capillaries. 

The  blood  is  usually  colourless,  but  in  some  Arthropods 
the  plasma  is  greenish  or  bluish,  and  in  a  few  the  plasma  is 
red  from  dissolved  haemoglobin. 

The  heart  can  be  seen  in  action,  with  a  minimum  of  trouble,  by 
watching  a  water-flea  ( Daphnia )  or  a  “  blood-worm  ”  (larva  of 
Chironomus ,  p.  129)  under  the  microscope. 

The  central  nervous  system  consists  of  (1)  a  large  supra- 
oesophageal  mass  of  ganglia,  or  brain,  lying  dorsally  in  the 
fore  part  of  the  head,  and  (2)  a  chain  of  ganglia  extending 
ventrally  along  the  body.  The  brain  and  the  foremost 
(suboesophageal)  ganglionic  mass  are  connected  by  a  pair 
of  commissures  which  embrace  the  gullet  like  a  collar.  In 
Arthropods,  such  as  Centipedes  and  insect-larvae,  where  the 
segments  behind  the  head  are  all  much  alike,  the  ventral 
chain  is  simple  and  regular,  with  a  ganglion  for  every 
segment ;  but  in  crabs  and  many  flies  the  ventral  ganglia 
are  concentrated  in  the  thorax ;  and  between  these  extremes 
there  are  many  gradations. 

The  nervous  system  can  be  seen,  with  a  minimum  of  trouble,  in  any 
transparent  aquatic  insect-larva  ;  it  is  particularly  easily  seen  in  the 
larva  of  Simulium  (Fig.  38). 

The  senses  of  Arthropoda  are  highly  developed.  The 
antennse  are  not  only— like  the  appendages — organs  of  touch, 
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but  are  also  organs  of  special  sense,  particularly  of  smell. 
Special  hairs  near  the  mouth  and  on  the  mouth-parts  and 
their  palps  may  possibly  be  organs  of  taste,  since  many 
Arthropods  show  strong  preferences  in  the  matter  of  food. 
Undoubted  sound-conducting  organs,  besides  mere  vibratile 
(auditory)  hairs,  are  present  in  certain  insects  (organs  for  the 
production  of  sound  being  extremely  common).  The  eyes  of 
Arthropods  are  of  two  kinds — simple  eyes,  or  ocelli  (Lat. 
ocellus  —  a  little  eye),  and  compound  or  facetted  eyes— both 
kinds  often  being  present  in  the  same  individual.  Both 
kinds  of  eyes  are  composed  of  special  translucent,  refractive, 
perceptive,  and  pigmentary  elements.  The  simple  eye,  or 
ocellus,  consists  of  an  epidermal  pit,  or  cup,  of  cells  lying 
below  a  cuticular  cornea-lens.  The  cells  of  the  bottom  of  the 
cup  form  a  retina,  the  transparent  ends  of  the  cells  of  the 
sides  of  the  cup  form  a  vitreous  body,  and  the  cells  of  the 
edge  of  the  cup  are  pigmented  to  form  a  sort  of  diaphragm. 
The  compound  eye  consists  essentially  of  a  group  of  tiny 
ocelli  of  a  peculiar  kind,  known  as  ommatidia  (d/x/x«TiAo^  =  a 
diminutive  eye),  each  of  which  is  structurally  complete  and 
independent,  though  collectively  all  form  a  single  organ. 
The  number  of  ommatidia  in  a  compound  eye  varies;  it 
is  said  in  the  case  of  the  house-fly  to  be  4000,  and  in 
the  case  of  a  dragon-fly  to  be  20,000.  Compound  eyes 
are  present  by  no  means  in  all  Arthropoda,  but  are  not 
found  outside  this  phylum. 

The  Arthropoda  are  usually  divided  into  five  great  Classes 
according  to  the  style  of  their  segmentation,  the  number 
and  general  disposition  of  their  appendages,  and  the  nature 
of  their  breathing-apparatus,  namely :  Crustacea ,  Proto- 
tracheata ,  Myriapoda ,  Insecta ,  and  Arachnida. 

The  Crustacea  are,  for  the  most  part,  aquatic,  and  breathe 
by  gills.  The  segments  of  the  body  are  usually  arranged  in 
three  regions — head,  thorax,  and  abdomen — with  the  separa¬ 
tion  between  the  head  and  thorax  quite  obscure.  There  are 
two  pairs  of  antennae,  and  of  the  numerous  other  appendages 
some  are  biramous. 

The  Prototracheata  (or  Onyckophora )  are  terrestrial  Arthro¬ 
pods  breathing  by  air-tubes  or  trachea  (p.  35),  which  are 
not  regularly  symmetrical.  The  individual  segments  of 
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the  body  are  superficially  obscure,  the  body  being  soft 
and  worm-like.  The  head  is  not  demarcated  from  the  body, 
and  its  appendages  are  a  pair  of  antennae,  a  single  pair 
of  jaws,  and  a  pair  of  oral  papillae.  The  appendages  behind 
the  head  are  numerous  and  all  alike  stumpy.  This  class 
includes  one  genus,  Peripatus ,  the  species  of  which  are  found 
in  parts  of  the  Ethiopian,  Oriental,  Australian,  and  Neo¬ 
tropical  regions.  They  have  some  superficial  resemblance 
to  a  slug,  or  to  a  caterpillar ;  they  live  in  rotting  timber 
or  under  stones,  and  avoid  the  light,  so  that  they  are  rarely 
seen.  Though  they  are  of  the  greatest  interest  zoologically, 
as  being  intermediate  between  Arthropods  and  Annelids, 
they  are  of  no  concern  from  a  medical  standpoint  and 
so  cannot  be  noticed  further  here. 

The  Myriapoda  are  terrestrial  Arthropods  breathing  by 
tracheae,  which  have  a  definite  arrangement.  The  segments 
and  appendages  behind  the  head  are  for  the  most  part  alike. 
There  is  one  pair  of  antennae. 

The  Insecta  are  mainly  terrestrial  and  aerial  forms,  and 
they  breathe  by  means  of  definitely  arranged  tracheae.  The 
segments  of  the  body  are  disposed  in  three  distinct  regions 
— head,  thorax,  and  abdomen.  The  first  pair  of  appendages 
are  antennae,  and  the  thorax  carries  three  pairs  of  legs  and, 
in  the  typical  adult,  two  pairs  of  wings. 

The  Arachnida  are  mainly  terrestrial  and  air-breathers. 
The  anterior  segments  of  the  body  commonly  form  a 
cephalothorax  as  in  Crustacea,  but  in  many  of  the  smaller 
forms  there  is  no  obvious  segmentation.  The  appendages 
never  exceed  six  pairs,  of  which  four  are  legs.  There  are 
no  antennae. 

The  earliest  Arthropoda  known  to  geology  belong  to  the 
Crustacean  class :  numerous  fossil  Crustacea  have  been 
found,  among  the  oldest  remains  of  undisputed  animal 
nature,  in  the  Cambrian  rocks  ;  and  Crustacean  remains  are 
abundant  in  the  later  Silurian  system,  where  Arachnida 
(Scorpions),  Myriapoda,  and  Insecta  (cockroach  -  like 
Orthoptera)  first  make  an  appearance. 


CHAPTER  III 


Arthropoda  in  their  General  Relations  to  Human 

Pathology 

Ever  since  the  days  when  Aaron  stretched  forth  his  rod 
and  smote  the  land  of  Egypt  with  lice  and  flies,  Arthropoda 
— whatever  else  may  be  said  of  them — have  had  an  evil 
reputation  as  the  source  of  some  of  the  sharpest  and  readiest 
scourges  of  mankind. 

At  first  regarded  merely  with  dislike  or  disgust,  as 
irritating  pests  or  as  loathsome  parasites,  the  species  that 
commonly  attack  man  are  now,  as  a  result  of  a  series  of 
discoveries  brilliantly  initiated  by  Manson  in  1879,  looked  at 
much  more  seriously ;  indeed,  the  present  tendency  is 
to  treat  them  with  a  deference  that  sometimes  is  too 
indiscriminate. 

We  must  here  outline  the  range  of  their  activities  in 
the  domain  of  human  pathology,  as  parasites,  as  agents 
in  spreading  infection,  and  as  aggressively  or  defensively 
venomous. 

I. — Arthropoda  as  Human  Parasites. 

The  term  parasite  (7 rapacriTo?  =  one  who  lives  at  another’s 
expense)  has  been  applied  rather  loosely  to  any  species  that 
is  either  constantly  or  casually  associated  with  another 
in  a  more  or  less  obvious  relation  of  dependence. 

But  it  has  been  noticed  already  that  it  is  only  a  matter 
of  looking  far  enough  to  find  that  independence  in  a 
biological  sense  is  a  myth,  and  that  dependence  of  species 
upon  species  “in  a  tangled  web”  is  part  of  the  order  of 
Nature.  Moreover,  it  is  a  familiar  phenomenon  to  find 
two  species  remote  in  the  natural  scale  living  together 
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permanently  for  mutual  benefit  ( commensalism ),  or  even 
reciprocally  adapted  for  a  united  or  even  a  unified  existence 
( symbiosis ) ;  so  that  neither  dependence  nor  intimate  and 
persistent  association  need  imply  “parasitism.” 

The  term  indeed  is  not  easy  to  define ;  but  from  our 
standpoint  it  is  convenient  to  limit  it  to  species  that  exhibit 
restrictive  adaptations  of  some  kind  for  passing  their  entire 
existence  at  the  sole  cost  of  another  species,  or  “  host.” 
These  restrictive  adaptations  may  be  positive,  such  as 
structures  for  fixation  to  the  host ;  or  negative,  such  as 
deficiency  in  organs,  like  those  of  locomotion  and  special 
sense,  that  are  more  or  less  superfluous  to  a  passive  and 
sequestered  life.  In  extreme  cases  (e.g.  Sacculina ,  a  genus 
of  the  barnacle  order,  parasitic  on  crabs)  everything 
degenerates  except  the  reproductive  organs.  In  the  most 
finished  parasites  the  structural  adaptations  are  specific,  and 
bind  the  parasite  to  a  host  of  one  particular  species. 

Of  Arthropoda  structurally  adapted  for  parasitism  those 
that  come  within  our  purview  are  certain  blood-sucking  lice, 
fleas,  Hippoboscid  flies,  ticks,  mites,  and  P entastomida. 

In  some  undoubted  parasites,  however,  the  adaptations 
are  only  shown  in  habits  and  physiological  limitations  ;  just 
as  in  the  analogous  cases  of  the  Dipper  (an  aquatic  bird)  and 
Polynema  (an  aquatic  Hymenopterous  insect)  the  various 
structural  modifications  that  usually  characterise  aquatic 
animals  of  those  classes  are  non-existent. 

Of  Arthropoda  which  are  parasitic  merely  by  fixed  habit 
and  physiological  limitations,  those  that  we  have  to  notice 
are  the  maggots  of  certain  species  of  flies,  the  tsetse-flies,  and 
the  bed-bugs. 

In  addition  to  the  true  specific  parasites,  there  are 
numerous  Arthropoda,  of  species  not  by  nature  constrained 
to  parasitism,  which  as  an  occasional  accident  may  be  found 
in  the  intestine  or  in  other  parts  of  the  body  of  man.  They 
may  be  called  pseudoparasites ,  since,  though  the  particular 
individuals  happen  to  be  parasitic,  the  shelter  of  a  living  host 
is  very  far  from  being  a  necessity  of  existence  for  the  species. 
Such  are  the  various  maggots  of  flies  that  sometimes  get  into 
neglected  wounds,  and  crawl  into  the  nostrils,  ears,  etc.,  of 
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helpless  or  careless  and  dirty  people,  and  the  plant-mites  and 
food-mites  that  may  attach  themselves  to  people  who  handle 
infested  material.  Such  also  may  be  the  various  maggots  of 
flies,  and  the  larvae  of  moths  and  beetles,  and  the  mites 
which  infest  grain  and  other  food,  and  are  occasionally 
swallowed  by  man  and  may  live  for  some  time  after  they 
reach  the  gut.  Insect  larvae  of  many  kinds,  and  even  young 
centipedes,  have  been  found  in  this  situation. 

Finally,  we  have  to  consider  a  large  number  of  Flies 
(■ Culicidce ,  Simuliidce ,  Ceratopogonince.Phlebotomince ,  Tab  (mi dee, 
and  Muscidce')  and  some  Reduviid  bugs,  which  suck  blood. 
They  are  often  called  parasites,  even  by  medical  men ;  but 
properly  they  should  be  placed  in  the  category  of  predatory 
animals.  Some  few  of  them  which  have  a  marked  tendency 
to  frequent  houses  and  to  breed  in  villages  and  homesteads 
are,  perhaps,  on  the  broad  and  easy  road  that  leads  to 
parasitism. 

All  parasitic  and  predaceous  Arthropods  are  harmful 
per  se>  either  by  irritating  and  depleting  their  hosts,  or  by 
the  directly  venomous  effects  of  their  bite,  or  by  septic 
infection  of  the  abrasions  caused  by  scratching  their  bites  ; 
but  the  greatest  harm  that  they  can  do — particularly  in 
tropical  and  subtropical  areas,  where  the  struggle  between 
man  and  organic  nature  is  still  intense  and  incessant — is  by 
disseminating  and  inoculating  the  germs  of  deadly  diseases, 
both  epidemic  and  endemic. 

II. — Arthropoda  as  Carriers  of  Organisms 

PATHOGENIC  TO  MAN. 

The  term  “  carrier  ”  is  sometimes  applied  unconditionally 
to  any  Arthropod  that  in  any  way,  however  accidental  and 
promiscuous,  may  disseminate  parasitic  micro-organisms 
among  men  and  other  animals ;  but  if  it  is  to  have  no 
meaning  more  precise  than  this,  all  ubiquitous  domestic 
insects  may  be  included,  and  the  enormous  significance  of  the 
discoveries  of  recent  years  becomes  obscured ;  and  as  a 
consequence,  the  scope  and  promise  of  preventive  measures 
may  be  misconceived.  As  a  perspicuous  term  “purged  and 
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snuffed  from  ambiguity”  it  should  be  restricted,  among 
Arthropoda,  to  a  particular  species  (or  group  of  closely- 
related  species)  that  acts  constantly  and  definitely  as  the  sole 
and  necessary  agent  in  the  distribution  of  individuals  of  a 
particular  species  (or  group  of  kindred  species)  of  parasites 
among  the  individuals  of  a  particular  species  (or  group  of 
kindred  species)  of  their  hosts ;  so  that  in  the  absence  of  the 
specific  distributing  agent  the  specific  parasite  cannot— so  far 
as  is  known — continue  in  existence.  Such  a  carrier  is  also 
termed  “  nurse,”  or  “  intermediary  host,”  since  its  services  to 
the  specific  parasite  include  not  only  carriage  and  protection, 
but  also  nourishment  and  necessary  conditions  for  growth 
and  proliferation.  The  definition  may  seem  dialectical,  but 
it  emphasises  the  practical  point  that  only  in  the  case  of  such 
a  fixed  and  constant  “  carrier  ”  may  we  assume  with  confi¬ 
dence  that  its  extermination  in  a  given  locality  will  be 
followed  by  the  disappearance  there  of  the  disease  for  which 
it  is  specifically  responsible. 

House-flies  are  not  “  carriers  ”  in  this  sense.  Their  habits 
are  highly  conducive  to  the  dissemination  of  pathogenic 
germs  in  general,  but  no  species  of  house-fly  is  known  to  be 
essential  to  the  growth  and  development  of  any  specific  germ 
or  even  to  be  the  exclusive  means  of  distributing  any 
particular  germ  pathogenic  to  man.  So  that  although  the 
extinction  of  house-flies  is  a  sanitary  proposition  of  perennial 
importance,  it  could  not  be  relied  on  alone  to  do  away  with 
any  specific  disease,  though  it  would  have  a  decided  influence 
on  the  course  of  several  epidemic  diseases  of  periodic 
occurrence. 

Fleas,  lice,  and  bugs  come  much  nearer  to  our  definition 
of  a  “  carrier,”  and  in  the  pathology  of  some  of  the  lower 
animals  fleas  and  lice  satisfy  the  definition  completely.  As 
intimate  parasites  these  insects  are  infallibly  well  placed  for 
spreading  infection  direct  from  man  to  man  ;  but  although 
some  of  them  are  readily  infected  by  particular  pathogenic 
micro-organisms,  and  although  in  epidemic  outbreaks  of 
certain  specific  fevers  fleas  and  lice  are  undoubtedly  respon¬ 
sible  for  the  spread  of  the  epidemic,  it  cannot  be  affirmed 
that  any  one  of  these  insects  is  so  exclusively  associated 
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with  the  biology  of  any  particular  virus  that  the  total 
disappearance  of  that  virus  would  be  the  inevitable  result 
of  the  extermination  of  the  particular  insect. 

The  biological  workings  of  a  true  carrier  are  well 
exemplified  by  the  Anopheles  mosquitoes,  which,  so  far  as  is 
known,  are  the  sole  and  indispensable  means  by  which  the 
protozoon  parasites  of  malarial  fevers  are  naturally  com¬ 
municated  from  man  to  man.  Within  the  mosquito  that  has 
sucked  human  blood  containing  the  immature  sexual  forms 
of  the  parasites — and  within  certain  limits  of  time,  and  under 
certain  conditions  of  temperature,  etc. — these  sexual  forms 
become  mature  and  pair,  and  then  encyst  and  proliferate 
freely :  the  progeny  eventually  find  their  way  to  a  particular 
part  of  the  mosquito — the  salivary  glands — whence  they  are 
injected  with  the  saliva  when  the  infected  mosquito  bites 
another  susceptible  human  being.  The  Anopheles  mosquito 
is  thus  a  constant  and  necessary  link  in  the  biology  of  the 
malaria  parasites,  so  that  wherever  the  insect  is  banished 
from  the  haunts  of  men  the  malaria  parasites  and  malarial 
fever  must  disappear  with  it  as  necessary  consequences. 

It  is  pertinent  to  note  that  the  processes  by  which  the  malaria 
parasite  is  adjusted  to  the  mosquito — namely,  encystment,  encystment 
with  proliferation,  and  encystment  along  with  mechanical  transport — are 
familiar  biological  phenomena  of  passive  adaptation  to  the  vicissitudes 
of  life,  quite  apart  from  any  pathological  implication. 

Simple  encystment  is  an  inert,  insensible  “  wait-and-see  ”  method  by 
which  not  only  Protozoa  generally,  but  also  some  of  the  Sponges, 
Polyzoa,  and  Rotifera  are  accustomed  to  protect  themselves  from 
adversity  until  they  can  burst  forth  again  at  the  proper  moment.  It  is 
analogous  to  the  method  of  going  to  bed  behind  portcullis,  adopted  by 
the  famous  Baron  de  Shurland  of  Sheppey  against  the  Sheriff  of  Kent. 

Proliferation  within  the  cyst  is  also  common  among  Protozoa 
generally,  so  that  when  the  proper  moment  arrives  there  are  many 
individuals  to  gush  out  and  “  grasp  the  skirts  of  happy  chance,”  instead 
of  one  only. 

Encystment  with  mere  mechanical  transport  is  of  common  occurrence 
in  the  nymph  stage  of  certain  mites,  which  when  a  chance  occurs  encyst 
themselves  upon  a  flying  insect  and  are  thus  rescued  from  overcrowding 
and  eventually  transferred  to  new  pastures. 

Well  adjusted  and  accurate  as  the  working  of  the  specific 
carrier  appears,  in  reality  much  must  depend  upon  chance. 
A  given  microbe  must  often  get  into  the  wrong  carrier,  or 
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into  the  right  carrier  at  the  wrong  moment,  and  so  perish  : 
it  has  been  shown,  for  instance,  that  when  tsetse-flies 
{Glossina  palp  alls  and  morsitans)  are  experimentally  fed  upon 
animals  infected  with  “  human  ”  trypanosomes,  the  ingested 
trypanosomes  make  good  their  footing  in  only  3  to  5 
per  cent,  of  the  flies ;  and  also  that  with  more  than 
one  species  of  malaria-carrying  Anopheles ,  only  a  varying 
percentage  of  individuals  fed  upon  an  adequately  infected 
human  being  themselves  develop  the  infection.  Or  the 
parasite  to  be  transported  may  overload  the  right  carrier  and 
kill  it,  as  happens  when  too  many  larval  guinea-worms  infest 
a  Cyclops.  A  cynic  has  said  of  man  that  he  finds  the  right 
road  only  after  taking  every  possible  wrong  one  ;  and  so 
with  these  organisms  which  have  to  hit  a  particular  ferry 
from  host  to  host,  there  must  be  a  good  deal  of  luck — not¬ 
withstanding  the  comfortable  terminology  of  mechanic 
theories. 

Some  specific  Arthropod  carriers  do  little  more  than  give 
a  lift  to  the  specific  pathogenic  organism :  such  are  the 
river-crabs  in  whose  gills  the  cercarise  of  the  lung-fluke 
encyst. 

Others,  such  as  the  species  of  small  Crustacea  of  the 
genus  Cyclops  that  help  to  spread  guinea-worm,  give  a 
passage  and  limited  nourishment.  The  minute  guinea-worm 
larvae  that  escape  from  the  parent  parasite,  if  they  should 
happen  to  be  washed  into  water  inhabited  by  Cyclops  and  to 
find  their  way  into  the  Cyclops,  reach  a  certain  limited 
growth  in  that  (intermediary)  host.  If  now  water  containing 
infected  Cyclops  should  be  swallowed  by  man,  the  guinea- 
worm  larvae  are  set  free  in  the  new  and  final  host,  and  may 
there  complete  their  ultimate  development  as  subcutaneous 
parasites  of  that  host.  The  element  of  chance  is  great,  and 
the  precarious  issue  is  anticipated  by  the  multitude  of  larvas 
that  a  single  female  guinea-worm  produces. 

In  the  case  of  the  several  species  of  mosquitoes  that 
intervene  in  the  dispersal  of  Filaria  bancrofti  (the  Fil aria- 
worm  of  elephantoid  disease  and  other  lymphatic  varices) 
the  part  played  by  the  carrier  is  much  less  fortuitous.  The 
larval  filaria-worms  periodically  circulating  in  the  blood  of 
the  human  host  are  sucked  in  by  the  thirsty  insect,  and  after 
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completing  definite  metamorphoses  in  the  insect’s  tissues, 
at  length  find  their  way  into  its  appendages,  particularly 
into  its  proboscis ;  so  that  when  the  infected  mosquito 
attacks  another  human  victim  the  larval  worms  can  take 
advantage  of  the  situation  to  leave  the  insect  and  to 
penetrate  through  the  skin  into  the  lymphatics  of  the 
final  human  host. 

In  the  case  of  the  tsetse-flies  that  are  intermediary  in 
disseminating  the  trypanosome  parasites  of  sleeping-sickness, 
the  adaptation  of  the  parasite  to  the  insect  carrier  is  even 
more  perfect  than  it  is  with  the  malaria  parasite  and 
Anopheles.  The  trypanosomes  ingested  by  the  fly  with  the 
infected  blood  do  not  merely  multiply  in  the  gut  of  the  fly 
and  merely  pass  into  its  salivary  glands,  but  they  colonise 
its  salivary  glands  permanently,  and  continue  to  multiply 
there,  so  long,  it  is  said,  as  the  fly  may  live. 

Again,  with  the  several  species  of  ticks  that  intermediate 
in  the  dispersal  of  specific  Haemosporidia  and  Spirochaete 
parasites,  the  adaptation  of  parasite  to  carrier  is  even  more 
enduring.  The  parasites  ingested  by  the  tick  with  the 
infected  blood  not  only  proliferate  within  the  tick  and 
permanently  infect  its  tissues,  but  they  may  also  infect 
the  tick’s  eggs,  and  so  transmit  the  infection  to  the  next 
generation,  or  even — so  it  is  said — to  the  generations 

succeeding. 

It  is  of  practical  interest  to  note  that  Cyclops  lives  and 
picks  up  its  guinea-worm  infection  only  in  water  that 
is  unfit  to  drink,  so  that  the  control  of  guinea-worm 
is  a  question  of  ordinary  hygiene.  Mosquitoes,  however, 
get  their  filaria  and  malaria  infections,  so  far  as  is  known  at 
present,  direct  from  infected  human  beings  only,  so  that  the 
control  of  these  diseases  is  a  special  sanitary  problem 
of  some  amplitude  and  complexity:  one  proposition  is 
to  exterminate  utterly  all  dangerous  species  of  mosquitoes 
within  a  certain  distance  of  the  precincts  of  man,  in  places 
where  the  given  disease  is  endemic :  another  proposition 
is  generally  to  protect  human  beings  from  the  bites  of 
mosquitoes  in  the  endemic  area,  at  times  and  seasons  when 
mosquitoes  are  active  and  numerous :  a  third  proposition 
is  so  to  manage  and  to  treat  medically  all  infected  human 
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beings  in  the  endemic  area  that  the  specific  mosquitoes 
cannot  acquire  infection  from  them  :  a  fourth  proposition  is 
to  improve  the  general  standard  of  living  and  education,  so 
that  the  given  population  as  a  whole  may  get  more  resistant 
to  infection  and  more  experienced  in  the  ways  of  avoiding 
it.  All  these  propositions  have  to  be  taken  into  consideration 
in  deciding  a  local  sanitary  policy. 

In  the  case  of  tsetse-flies  and  human  trypanosomiasis 
the  fly,  it  is  said,  may  derive  its  infection  not  only  from 
infected  human  beings  during  an  epidemic,  but  also  from 
wild  animals  of  several  kinds  in  whose  blood  the  specific 
trypanosomes  may  live  normally  as  harmless  parasites. 
The  same  possibility  of  extraneous  infection  is  said  to 
exist  in  the  case  of  the  tick  that  transmits  the  virus  of 
Rocky  Mountain  spotted  fever.  The  existence  of  these 
“natural  reservoirs”  (so  they  are  called)  of  infection  makes 
the  problem  of  prevention  an  extremely  difficult  one. 

III. — Arthropoda  in  Minor  Pathological 

Aspects. 

There  are  numerous  Arthropods,  apart  from  those 
already  considered,  that  may  cause  hurt  to  man.  The  most 
important  are  Scorpions,  Spiders,  Wasps,  Bees,  and  perhaps 
Centipedes,  all  of  which  have  special  weapons  for  injecting 
toxic  secretions  analogous  with  snake-venoms.  The  bites  of 
ticks  and  many  insects  are  often  venomous,  sometimes 
causing  severe  local  inflammation  as  well  as  fever,  numbness, 
and  temporary  paralysis.  Similar  effects  are  caused  by 
the  hairs  and  spines  of  certain  Lepidopterous  caterpillars, 
and  by  many  mites  and  their  larvae.  The  juices  and 
secretions  of  numerous  beetles  and  of  some  plant-bugs  and 
Orthoptera  have  irritating  and  vesicant  properties. 

Finally,  there  are  numerous  Arthropods — mites,  larvae  of 
beetles  and  moths,  etc. — that  may  affect  health  indirectly  by 
befouling  and  otherwise  vitiating  grain,  flour,  meal,  pulse, 
and  dried  provisions  of  all  kinds.  These  destructive 
Arthropods  have  received  a  great  deal  of  attention  in  the 
markets,  but  their  place  in  pathology  though  well  recognised 
is  not  fixed.  When  one  observes,  in  a  cargo  of  dried 
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fruit,  the  Carpophilns  beetle  heavily  infected  with  a 
Microsporidian  parasite,  it  gives  rise  to  speculation — though 
no  doubt 

“  Speculation  turns  not  to  itself 
Till  it  hath  travell’d,  and  is  mirror’d  there 
Where  it  may  see.” 


CHAPTER  IV 

The  Control  of  Pathogenic  Arthropoda  as  a  Sanitary- 

Proposition 

This  subject  is  here  considered  from  the  standpoint  of 
a  medical  man  in  the  tropics  whose  responsibilities  as  a 
health  officer  are  confined  to  rural  areas,  plantations,  and 
small  European  settlements.  In  such  situations — as  even 
in  the  precincts  of 'some  large  cities  in  the  tropics — Nature 
is  still  untamed.  The  waters  run  or  settle  where  they  list, 
the  jungle  is  with  difficulty  kept  back  from  the  threshold, 
the  seeds  rained  on  buildings  by  bird  and  bat  sprout 
everywhere  and  quickly  rend  the  masonry,  the  seething 
insects  and  other  teeming  small  life  make  their  home  with 
man ;  and  the  European  sojourner  soon  realises  that  he  has 
got  back  to  the  old  ancestral  fight  against  primal  Nature, 
and  begins,  with  Carlyle,  to  see  visions  of  all  the  done  and 
forgotten  and  silent  work  that  had  made  the  land  of  his 
birth  so  easy  and  so  good  for  his  health. 

In  such  circumstances  it  does  not  help  the  medical 
officer  much  to  refer  him  to  the  natural  enemies  of  his 
baneful  insects — the  bats,  birds,  lizards,  fishes,  spiders,  and 
numerous  insectivorous  insects  that  habitually  prey  upon 
them. 

Specific  natural  enemies  are,  no  doubt,  one  of  the  chief 
natural  means  of  keeping  every  species  within  its  natural 
bounds.  A  natural  enemy  of  a  particular  noxious  insect, 
again,  may  be  deliberately  employed  in  those  long-settled 
countries  where  primeval  Nature  has  long  given  place  to  that 
stable  artificial  order  under  which  the  enemy  provided  by 
Nature  can  deal  with  its  victim  as  in  a  human  arena. 
Natural  enemies,  again,  may  have  a  say  in  a  small  tropical 
26 
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island  or  in  an  oasis  of  the  desert,  where,  again,  they  are 
peculiarly  favoured  by  isolation.  But  to  bring  forward 
natural  enemies  on  the  large  scale  before  the  pioneers  have 
prepared  the  ground  for  their  action  ;  to  fight  tsetse-flies 
in  their  native  jungle  with  insectivorous  birds  and  insectiv¬ 
orous  insects ;  or  to  propose  to  suppress  mosquitoes,  in 
districts  where  they  have  a  thousand  natural  breeding-places, 
by  the  culture  of  fishes  and  predatory  aquatic  insects, — these 
are  propositions  more  plausible  than  practical. 

In  the  sequel,  however,  the  various  kinds  of  animals  that 
are  known  or  are  reasonably  supposed  to  be  inimical  to 
particular  Arthropods  hurtful  to  man,  will  be  mentioned 
severally  in  their  proper  place.  But  every  such  putative  ally 
of  the  sanitarian  must  be  regarded 

“  With  one  auspicious  and  one  dropping  eye, 

In  equal  scale  weighing  delight  and  dole,55 

seeing  that  natural  enemies — specific  parasites  excluded — 
have  impartial  jaws,  and  do  not  discriminate  between  the  foes 
and  friends  of  man. 

Better  is  it  to  recognise  that  savage  Nature  and  civilised 
man  are  adversaries  irreconcilable,  such  a  view  being 
perfectly  consistent  with  the  ultimate  truth  that 

“  Nature  is  made  better  by  no  mean, 

But  nature  makes  that  mean  ;  so,  over  that  art 

Which  you  say  adds  to  nature,  is  an  art 

That  nature  makes.  ,  .  .  The  art  itself  is  nature.55 

The  first  step  in  dealing  with  any  Arthropod  of  patho¬ 
genic  importance  is  to  get  it  identified,  and  thereafter  to 
learn  all  that  is  known  or  can  be  learnt  about  it  locally,  in 
all  stages  of  its  existence  from  the  ovum  round  to  the  ovum 
again. 

It  is  obvious  that  the  attack  on  any  noxious  species 
should  be  made  at  the  most  vulnerable  period  of  its  life. 
This  as  a  rule  is  the  egg  and  the  larval  stage,  when  it  is 
most  likely  to  be  concentrated  (as  with  house-flies  and  blow¬ 
flies)  in  some  accessible  nidus,  or  (as  with  mosquitoes)  some 
circumscribed  medium  upon  which  its  very  existence 
depends.  It  is  obvious  also  that  the  most  thorough-going 
method  of  attack  on  the  species  is  to  put  an  end  to  such 
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breeding-places  entirely  near  dwellings,  or,  when  this  cannot 
be  done,  to  manage  them  and  police  them. 

Insects  in  their  actively  unpleasant  adult  stage  may  be 
kept  at  a  distance  by  reasonable  attention  to  the  dictates  of 
domestic  hygiene.  The  site  of  dwelling-quarters  should  be 
elevated  and  open,  distant  on  the  one  hand  from  jungle, 
marsh,  etc.,  and  on  the  other  hand  from  bazaars,  middens, 
and  purgamenta.  The  precincts  and  outskirts  should  be 
kept  clear  of  thickets,  creepers,  and  all  such  insect-sheltering 
growth,  and  the  purlieus  should  be  kept  clear  of  all  refuse 
and  rubbish,  which  should  be  burnt.  The  same  attention 
should  be  paid  to  outhouses,  stables,  byres,  etc.,  as  to  dwelling- 
quarters.  The  management  of  latrines  and  the  disposal  of 
excreta  are  also  important  points  in  this  connection. 

Contrivances  for  the  destruction  of  domestic  insect-pests 
are  so  numerous  that  only  a  few  of  generally-approved 
convenience  and  efficacy  can  be  mentioned.  To  go  further 
may  cause  perplexity,  for 

“  Where  workmen  strive  to  do  better  than  well 
They  do  confound  their  skill.” 

Simple  Exposure  to  Sunshine  and  Dry  Air  is  of  some  use 
in  dealing  with  insects  of  specialised  or  sequestered  habits, 
such  as  lice  in  garments,  bugs  in  bedding  and  cushions,  fleas 
and  their  larvae  in  rugs,  moths  and  weevils  in  furniture,  etc. 
Most  mosquitoes,  Anopheles  in  particular,  are  very  sensitive 
to  sun  and  dry  wind. 

Simple  Heat. — Scalding  with  hot  water  is  effective  for 
insects  lodged  in  cracks  in  floors,  wooden  walls,  and  furniture. 
Baking  or  boiling,  or  even  steeping  in  very  hot  water  will  kill 
vermin  in  clothes. 

Incineration  may  be  necessary  for  badly  infected  old  wood¬ 
work,  etc.,  cages,  and  coops.  It  is  also  the  best  method  of 
dealing  with  house-refuse  and  rubbish  generally. 

Vapours,  Sprays ,  and  Fumes. — The  vapour  given  off  from 
creosote,  naphthalene,  and  pyrethrum  are  deadly  to  all  insects. 
The  fumes  of  tobacco,  camphor,  cresyl,  benzoin  and  other 
balsamic  resins  are  useful  for  forestalling  and  repelling 
casual  invasions  of  insects.  Solutions  of  formalin,  phenol, 
cresol,  lysol,  or  common  aromatic  oils  can  be  used  indoors  ; 
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but  sprays  of  kerosene,  either  pure  or  emulsified  with  soft 
soap  and  water,  are  more  for  use  outside,  petroleum  in  any 
form  being  fatal  to  insects  and  their  larvae. 

Fumigation  on  a  large  scale  is  necessary  where  noxious 
insects  have  established  themselves  in  rooms  and  storehouses. 
The  fumigants  commonly  employed  and  everywhere  obtain¬ 
able  are  sulphur  dioxide,  and  hydrocyanic  acid,  rarely 
chlorine.  During  the  operation  and  for  several  hours  after¬ 
wards  all  the  doors,  windows,  flues,  etc.,  of  the  place  under 
treatment  should  be  kept  closed  so  as  to  expose  the  insects, 
and  particularly  the  resistant  eggs  and  pupae,  to  the  pro¬ 
longed  action  of  the  poisonous  gas.  It  may  be  necessary  to 
repeat  the  operation  after  a  short  interval,  to  ensure  the 
destruction  of  any  larvae  or  adults  that  have  hatched  from 
eggs  or  pupae  that  have  survived  the  first  attack.  The 
following  methods  for  disengaging  the  fumes  are  adequate 
where  no  special  distributing  apparatus  is  available : — 

Sulphur  Fumigation. — Not  less  than  8  oz.  of  sulphur 
should  be  used  for  every  1000  cubic  feet  of  space.  The 
sulphur,  broken  in  lumps  and  moistened  with  spirit,  is  placed 
in  an  iron  bowl,  and  the  bowl  is  stood  in  a  basin  of  water. 
The  sulphur  is  then  ignited  and  left  to  burn  itself  out.  It 
must  be  remembered  that  the  fumes  tarnish  metal  and  have 
a  bleaching  action. 

Fumigation  with  Hydrocyanic  Acid  Gas  is  perhaps  more 
popular  with  entomologists  than  with  medical  men  ;  it  should 
be  undertaken  with  the  greatest  caution.  Not  less  than 
6  oz.  of  potassium  cyanide  and  about  double  the  quantity 
of  sulphuric  acid  are  required  for  every  iooo  cubic  feet  of 
space.  The  cyanide  should  be  put  in  a  muslin  bag,  which 
should  be  dropped  into  an  open  vessel  containing  the 
sulphuric  acid,  at  the  very  moment  of  leaving  the  room. 
This  is  the  method  generally  recommended ;  but  it  is  safer 
— the  gas  being  disengaged  less  energetically — if  instead  of 
sulphuric  acid,  a  solution  (in  a  little  water)  of  6  oz.  of  tartaric 
acid  be  employed  in  operations  on  the  small  scale. 

Chlorine  Fumigation. — The  gas  is  disengaged  by  mixing 
bleaching-powder  with  water,  and  if  necessary  adding  a  little 
dilute  acid ;  or  by  pouring  dilute  sulphuric  acid  upon  chloride 
of  lime.  The  gas  has  powerful  bleaching  properties. 
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Washes  and  Paints  may  be  used  for  floors,  walls,  out¬ 
houses,  etc.,  wherever  there  are  crevices  likely  to  harbour 
insects.  Any  of  the  insecticides  already  mentioned  may  be 
used  ;  the  most  lasting  in  their  effects  are  tar,  petroleum, 
crude  coal-tar  oil,  turpentine,  and  (when  there  is  no  metal 
in  question)  a  strong  solution  in  methylated  spirit  of 
corrosive  sublimate.  Frequent  applications  of  hot  lime- 
wash  are  very  effective.  Boiling-water,  chloride  of  lime, 
strong  lotions  of  carbolic  acid,  lysol  and  other  forms  of 
phenol,  and  formalin  again  may  be  specified.  Solutions 
of  caustic  soda  and  caustic  potash  may  also  be  useful. 

Traps  and  Poisoned  Baits  are  very  useful  for  keeping 
down  noxious  “domestic”  insects,  if  they  are  properly  placed 
and  regularly  attended  to.  When  poisoned  baits  are  em¬ 
ployed  no  food  or  drink  should  be  left  about  as  a  counter- 
attraction.  Some  of  the  more  effective  devices  will  be 
mentioned  in  their  appropriate  place  in  the  sequel. 


CHAPTER  V 


The  Glass  Insecta,  and  the  Order  Diptera 


Class  INSECTA. 


It  is  not  germane  to  the  purpose  of  this  work  to  attempt  to 
discuss  the  importance  of  insects  either  in  the  econom)/ 
of  Nature  at  large  or  in  their  manifold  bearings  upon  human 
affairs ;  it  is  sufficient  to  say  that  insects  outnumber  all 
other  species  of  animals  put  together,  that  it  is  impossible 
to  overestimate  their  natural  influence  and  momentum,  and 
that  so  far  as  their  relation  to  civilised  man  is  concerned, 
insects  have  in  various  ways  retarded  his  most  resolute 
efforts  to  replenish  the  earth,  and  have  at  times  and  in 
places  disputed  his  very  dominion. 

Among  Arthropoda  the  typical  adult  insect  is  distinguished 
by  the  form  of  the  body,  the  number  and  disposition  of  the 
appendages,  and  the  possession  of  wings. 

The  body  consists  of  three  well-defined  regions  or 
syntagmata — head,  thorax,  and  abdomen. 

The  head  is  a  chitinous  capsule,  sharply  differentiated 
from  the  thorax ;  except  as  indicated  by  the  paired  appen¬ 
dages,  it  shows,  as  usual,  no  trace  of  segmentation ;  nor 
does  the  number  of  paired  appendages  reveal  its  true 
segmental  composition.  The  thorax  is  composed  of  three 
segments  —  the  prothorax,  mesothorax,  and  metathorax, 
which  sometimes  are  separate  and  sometimes  are  united. 
In  the  abdomen,  which  is  generally  well  demarcated  from 
the  thorax,  the  individual  segments  may  be  separate  and 
distinct,  or  some  of  them  may  be  fused  together ;  their 
''  “ideal”  number  is  ten,  but  the  first  may  be  inconspicuous, 
and  a  variable  number  of  the  posterior  ones  are  often 
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suppressed,  or  modified  and  invaginated  in  connection  with 
the  reproductive  organs,  so  that  the  number  of  abdominal 
segments  actually  visible  is  very  often  considerably  less  than 
ten,  particularly  in  the  adult. 

The  Head  and  its  Appendages.  —  The  head  contains, 
besides  appropriate  muscles,  the  peri-oesophageal  ganglia, 
or  brain,  and  the  pharynx;  its  appanages  and  its  true 
appendages  are  sensory  and  feeding  organs. 

At  the  sides  of  the  head  are  the  eyes  ;  on  the  under¬ 
surface  is  the  mouth,  flanked  by  the  mouth-appendages, 
or  trophi ;  the  region  above  the  mouth  is  the  clypeus ;  the 
upper  part  of  the  head  is  the  front ,  or  epicranium  ;  the  back 
of  the  head,  abutting  on  the  thorax,  is  the  occiput;  in 
elongate  heads  the  ventral  area  behind  the  mouth  is  known 
as  the  gule . 

The  adjuncts  or  appanages  of  the  head,  as  distinguished 
from  the  true  paired  appendages,  are  the  following  : — 

(i)  Depending  or  projecting  from  the  free  edge  of  the 
clypeus  is  the  labrum ,  or  upper  lip,  a  sort  of  eave  overhanging 
the  mouth ;  in  many  insects  that  prick  and  suck,  the  labrum 
is  produced  to  form  (2)  a  long  style  known  as  the  epi- 
pharynx ;  (3)  in  the  floor  of  the  mouth  is  a  process  on 
which  the  salivary  ducts  open ;  this  when  it  is  intra-oral  is 
known  as  the  tongue ,  but  when  it  is  produced  beyond  the 
mouth,  as  it  is  in  flies,  is  called  the  hypopharynx ;  the 
other  appanages  of  the  head  are  (4)  the  lateral  eyes  and 
the  ocelli.  The  lateral  eyes  are  generally  compound  and 
facetted,  but  they  may  be  non-facetted,  or  they  may  be 
absent  altogether ;  the  ocelli  or  simple  eyes,  when  present, 
are  not  more  than  three  in  number,  and  stand  in  a  triangle 
on  the  crown  of  the  head. 

The  true  appendages  of  the  head  are  the  antennae  and 
three  pairs  of  “jaws.”  The  antennce  are  generally  placed 
between  the  eyes  ;  though  commonly  elongate,  flexible, 
and  many-segmented,  they  vary  greatly  in  details  of 
structure,  and  may  even  differ  in  the  sexes  of  the  same 
species ;  their  functions  are  tactile,  olfactory,  and  sometimes, 
it  is  supposed,  auditory. 

The  three  pairs  of  mouth-appendages  or  “jaws”  are, 
in  successive  order,  mandibles ,  1st  maxillae,  and  2nd  maxillae 
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<;  or  labium.  Their  individual  structure  varies  very  greatly 
1  throughout  the  class  in  adaptation  to  different  modes  of 
i  life  and  different  kinds  of  food  ;  all  that  need  be  said,  at 
[  the  present  moment,  is  that  the  maxillae  commonly  carry 
i  each  a  pair  of  segmented  palps ,  but  that  the  mandibles 
f  never  do;  that  the  2nd  pair  of  maxillae  are  either  more 
c  or  less  fused  together  below  and  behind  the  mouth  to  form 
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a  lower  lip  or  labium ,  or  may  be  modified  to  form  a  sheath 
for  the  other  mouth-parts ;  and  that  the  mandibles,  or  the 
ist  maxillae,  or  both  of  these,  may  be  vestigial  or  absent; 
indeed,  in  some  short-lived  insects  that  do  not  feed  in  the 
adult  state,  all  the  mouth-parts  may  be  reduced  to  vestiges. 

The  Thorax  and  its  Appendages. — The  thorax  is  the  loco¬ 
motor  region  of  the  body,  and  is  mainly  filled  with  the 
muscles  that  move  the  legs  and  wings ;  it  also  contains 
the  salivary  glands  and  the  chief  ganglia  of  the  ventral 
nerve-cord,  and  gives  passage  to  the  gullet.  Its  three 
constituent  segments  are  not  always  easy  to  distinguish  one 
from  another  in  insects  of  powerful  flight,  and  this  is 
particularly  the  case  with  their  lateral  pieces  or  pleura. 
In  some  wingless  insects  the  posterior  segments  of  the 
thorax  are  not  very  sharply  defined  from  the  abdomen. 
In  the  large  order  of  Hymenoptera ,  where  the  ants  and 
bees  and  wasps  belong,  the  first  abdominal  segment  is 
more  or  less  intimately  united  with  the  thorax. 

The  appanages  of  the  thorax  are  the  wings.  In  the 
typical  adult  insect  there  are  two  pairs  of  these,  one  pair 
attached  to  the  mesothorax,  the  other  to  the  metathorax ; 
but  in  the  true  flies  ( Diptera )  only  the  anterior  (mesothoracic) 
pair  are  present,  and  there  are  numerous  insects  of  simple 
organisation,  and  many  insects  adapted  to  particular  condi¬ 
tions  of  life,  that  have  no  wings  at  all  either  in  one  sex 
or  in  both  sexes.  The  wings  are  outgrowths  of  the  integu¬ 
ment,  stiffened  and  supported  by  a  framework  of  nervures 
or  veins ;  these  are  tubes  of  chitin  containing  air,  and  in 
their  developmental  stages,  blood.  The  functional  hardened 
wing  is  practically  a  plate  of  chitin.  The  form,  density, 
pose,  clothing,  and  folding  of  the  wings  show  great  diversity 
throughout  the  class,  and  furnish  characters  of  taxonomic 
importance. 
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The  true  appendages  of  the  thorax  are  the  legs ,  of  which, 
in  the  adult  insect,  there  are  typically  three  pairs,  one  pair 
on  each  segment.  Each  leg  commonly  consists  of  the 
following  successive  parts :  the  coxa,  which  is  articulated 
to  the  thorax  ;  the  trochanter ,  which  is  usually  short ;  the 
femur  and  the  tibia ,  both  of  which  are  usually  long;  the 
tarsus ,  which  generally  consists  of  several  separate  pieces, 
often  five,  but  sometimes  fewer.  The  last  tarsal  segment 
commonly  ends  in  a  pair  of  claws ,  but  sometimes  in  a 
single  claw.  The  form  and  character  of  the  legs  show 
great  diversity  in  adaptation  to  different  functions— running, 
hopping,  swimming,  clinging,  digging,  seizing  and  holding 
prey,  collecting  and  carrying  food,  etc.  There  are  insects 
in  which  some  of  the  legs  are  reduced  in  size  and  useless 
for  locomotion,  or  with  some  of  the  segments  of  the 
legs  absent.  Rarely  are  legs  altogether  wanting  in  the 
adult. 

The  abdomen  contains  the  stomach  and  intestine,  the 
excretory  tubules,  and  the  reproductive  organs.  Stumpy 
legs  (pseudopods)  are  present  on  some  of  the  abdominal 
segments  of  certain  larvae ;  but  in  the  adult  insect  this  region 
-is  destitute  of  true  appendages,  though  the  caudal  fila¬ 
ments  ( anal  cerci)  and  parts  of  the  ovipositors  and  stings 
of  certain  insects  are  regarded  as  homologous  with  ap¬ 
pendages.  The  abdomen  of  many  Hymenoptera  is  peculiar 
in  often  being  constricted  or  even  petiolated  at  its  junction 
with  the  thorax,  and  in  being  something  less  than  an 
abdomen,  since  the  segment  in  front  of  the  constriction 
is  united  with — and  appears  to  be  part  of — the  thorax. 

The  alimentary  canal  runs  through  the  body  and  opens 
posteriorly  in  the  last  visible  abdominal  segment ;  its  structure 
varies  according  to  the  food  it  has  to  deal  with.  In  most 
insects  that  suck  liquid  food  the  pharynx,  by  the  contraction 
of  muscles  attached  to  its  outer  wall,  acts  as  a  suction  pump, 
and  the  oesophagus  is  provided  with  crops  or  food-reservoirs. 
The  salivary  glands  open  on  the  hypopharynx,  which  in 
some  blood-sucking  insects  is  produced  as  a  long  slender 
tube,  so  that  its  secretion  can  be  injected  into  the  wound 
made  by  the  mouth-organs.  With  the  alimentary  canal  may 
be  mentioned  the  long  slender  excretory  tubes — Malpighian 
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tubules — of  varying  number,  which  usually  open  into  the 
intestine  just  behind  the  stomach. 

The  Respiratory  System. — Breathing  is  carried  on  by  a 
system  of  air-tubes,  or  trachece ,  which,  except  in  some  larvae, 
open  at  regular  intervals  on  the  sides  of  the  thorax  and 
abdomen.  The  openings  are  known  as  spiracles ,  and 
there  are  commonly  ten  pairs  of  them  (but  often  less), 
namely,  two  larger  pairs  on  the  thorax,  and  eight  smaller 
pairs  on  the  anterior  abdominal  segments.  The  spiracles 
may  be  opened  and  closed  by  muscles  and  valves.  From 
the  spiracles  short  wide  tracheae  pass  inwards  and,  after 
branching,  break  up  into  copious  minute  ramifications  which 
carry  air  to  every  part  of  the  body.  The  main  tracheal 
branches  almost  always  unite  to  form  a  pair  of  tracheal 
mains  that  run  longitudinally  on  either  side  of  the  body, 
communicating  with  one  another  by  transverse  branches, 
and  sometimes  expanding  to  form  air-sacks.  The  larger 
tracheal  tubes  are  kept  from  collapsing  by  a  discontinuous 
thread  of  chitin  coiled  in  a  tight  spiral.  In  many  aquatic 
larvae  the  tracheal  system  is  “  closed  ”  (i.e.,  does  not  com¬ 
municate  with  the  exterior),  and  breathing  is  then  carried 
on  either  through  the  skin,  or  through  feathery  or  leaf¬ 
like  processes  which  are  prolific  in  tracheae  and  are  known 
as  tracheal  gills  (Figs.  164,  165). 

Reproduction. — The  sexes  are  separate,  but  parthenogenesis 
1  ( irapOevo 9  =  virgin  ;  y evecris  =  manner  of  birth),  or  reproduction 

without  male  co-operation,  is  very  common. 

The  ducts  of  the  generative  glands  open  near  the 
posterior  end  of  the  abdomen.  In  the  female  the  vagina 
is  often  connected  (1)  with  glands  whose  secretion  either 
causes  the  eggs  to  cohere  in  masses,  or  envelops  them  in 
a  definite  capsule  or  nest ;  and  (2)  with  spermathecce ,  or 
chambers  where,  after  pairing,  spermatozoa  are  stored  for 
the  postponed  fertilisation  of  the  eggs.  In  the  male  the 
vas  deferens  usually  expands  into  a  vesicle  where  the 
spermatozoa  accumulate,  and  the  ejaculatory  duct  is 
protrusible.  Often  the  female  is  furnished  with  an  ovipositor , 
and  the  male  with  paired  clasp ers  (Figs.  29,  81). 

The  egg  as  a  rule  is  large,  and  contains  much  food-yolk. 
In  a  few  insects  the  egg  is  hatched  within  the  mother,  and 
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the  young  is  born  as  a  larva ;  but  as  a  rule  the  eggs  are  laid 
as  such — singly,  or  in  masses,  or  in  capsules ;  sometimes 
haphazard,  but  often  in  an  instinctively  chosen  place  on  or 
near  food  suitable  for  the  larva.  There  are  many  insects, 
again,  whose  instincts  lead  them  to  make  for  their  larvae 
housing  and  nursing  arrangements  that  look  like  the 
outcome  of  protracted  foresight. 

It  is  quite  exceptional  for  the  new-hatched  young  to  be 
like  the  parent :  such  is  the  case  only  with  some  wingless 
insects.  The  young  is  usually  a  larva  (often  with  no 
resemblance  to  the  adult)  which  passes  through  a  prolonged 
term  of  post-embryonic  development,  or  metamorphosis , 
before  it  becomes  adult. 

Metamorphosis . — The  post-embryonic  changes,  or  meta¬ 
morphoses,  may  be  gradual  or  abrupt.  Gradual  meta¬ 
morphosis  is  known  as  Hemimetabolous  or  “ Incomplete ” 
Metamorphosis.  Here  the  larva  is  recognisably  like  the 
adult,  and  differs  from  it,  to  external  view,  chiefly  in  having 
no  wings,  and  perhaps  a  larger  head  and  shorter  antennae. 
In  the  course  of  growth  the  young  insect  periodically  moults, 
and  at  each  moult  it  appears  more  like  the  adult,  until  at 
last  the  wings  are  fully  formed  and  sexual  maturity  is 
attained.  The  wings  in  this  case  first  appear  as  external 
buds,  and  when  these  rudiments  are  fairly  advanced  the 
larva  is  sometimes  spoken  of  as  a  nymph. 

Abrupt  metamorphosis  is  known  as  Holometaholous  or 
“  Complete ”  Metamorphosis.  Here  the  larva  (Lat.  larva  —  mask) 
is  often  utterly  unlike  its  parents,  differing  from  them  not 
only  in  the  proportions  of  the  body  and  the  absence  of 
wings,  but  also  perhaps  in  the  whole  manner  of  life ;  the 
food  may  be  of  a  different  kind,  and  consequently  the 
mouth-parts  may  be  of  an  entirely  different  type,  The 
larva  eats  voraciously,  puts  on  fat,  grows  and  moults,  until 
it  has  reached  its  full  size  (or  exhausted  its  food-supplies), 
when  it  ceases  to  feed  and  becomes  more  or  less  quiescent. 
The  dormant  insect  is  now  a  pupa  (Lat.  pupa  =  a  puppet  or 
doll),  and  it  may  be  quite  inert  or  it  may  (as  in  the  case  of 
the  mosquito-pupa)  be  active.  Sometimes  the  pupa  is 
merely  enclosed  in  a  thin  pellicle ;  in  other  cases  it  secretes 
a  chitinous  exudation,  which  becomes  hard  and  dark  and 
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binds  all  its  appendages  together,  and  it  is  then  known 
as  a  chrysalis  (xpv<ra\\i$  =  the  metallic  golden  skin  of  the 
butterfly’s  pupa) ;  or  the  pupa  may  lie  loose  in  its  larval 
skin,  which  becomes  firm  and  dark  and  forms  a  protective 
chamber  or  puparium ;  or  the  pupa  may  be  enclosed  in  a 
silky  cocoon  spun  by  the  larva  just  before  becoming  quiescent. 
The  dormant  stage  ends  suddenly  when  the  development  is 
complete,  the  insect  splitting  its  pupal  skin  and  breaking  out 
of  its  puparium  or  cocoon  as  a  sexually  mature  imago,  to  fly 
abroad  as  soon  as  it  has  shaken  out  its  wings.  In  this 
“  complete  ”  metamorphosis  the  larval  stage  is  the  stage  of 
feeding  and  growth:  very  often  it  is  the  longest  of  the 
three  stages ;  in  some  cases  it  lasts  for  years.  The  imago 
stage  is  the  stage  of  reproduction,  and  is  commonly,  though 
by  no  means  always,  of  short  duration  :  in  some  extreme 
cases  it  endures  no  longer  than  a  day.  Though  the  phases 
of  “complete”  metamorphosis  appear  to  be  abrupt,  they  are 
not  really  so;  the  internal  rudiments  even  of  the  wings 
can  often  be  made  out  in  the  larva  by  simple  dissection. 

The  adult  insect,  or  imago,  is  typically  aerial ;  but  there 
are  many  beetles  and  bugs  and  even  some  Orthoptera  and 
Hymenoptera  that  live  in  water,  and  there  is  one  genus  of 
bugs  (. Halobates )  that  is  found  only  on  the  surface  of  the 
open  sea.  Again,  there  are  many  insects,  aerial  in  the  adult 
stage,  the  larvae  and  pupae  of  which  are  true  aquatic  animals. 
Many  insects  are  parasitic  on,  or  in,  animals  and  plants, 
and  the  parasitism  may  be  restricted  to  the  larval  stage,  or 
to  the  adult  stage,  or  may  involve  the  whole  term  of  life.  Of 
the  external  parasites  of  animals  some  are  merely  predaceous, 
while  others  are  true  settled  parasites. 

Insects  are  arranged  in  orders,  according  to  the  features 
presented  collectively  by  the  wings,  mouth-parts,  and  meta¬ 
morphosis  ;  and  the  orders  have  been  grouped  by  Dr  Sharp 
in  four  series. 

1.  Apterygota  (a  privative,  and  TrTepuyooTo?  =  winged). — 
True  wingless  insects,  with  very  slight  metamorphosis.  Two 
orders  : — Collembola  and  Thysanura . 

2.  Exopterygota  {e£w  =  outside,  and  7rTepuywTo?). — Winged 
insects  (there  are  some  wingless  species  in  most  of  the 
constituent  orders,  but  the  types  of  all  the  orders  are 
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winged) ;  the  wings  develop  outside  the  body :  meta¬ 
morphosis  “  incomplete,”  though  in  the  orders  with  aquatic 
larvae  the  young  is  often  very  much  unlike  the  parent. 
Nine  orders: — Orthoptera ,  Plecoptera ,  Psocida  (or  Corro - 
dentiu ),  I  sop  ter  a,  Embiida ,  Ephemerida ,  Odonata ,  Thysanoptera , 
Rhynchota. 

3.  Endopterygota(evSov  =  inside, and  irrepoyooTos). — Winged 
insects  (there  are  some  wingless  species  in  most  of  the  orders, 
but  the  types  of  all  the  orders  are  winged)  ;  the  wings  start 
their  development  as  invaginations  inside  the  body  :  meta¬ 
morphosis  “complete.”  Eight  orders: — Neuroptera ,  Mecap- 
tera ,  Trichoptera ,  Lepidoptera ,  Coleoptera ,  Strepsiptera ,  Diptera , 
Hymenoptera. 

4.  Anapterygota  (<W  in  the  sense  of  retrogression,  and 
7TTepuya)To?). — Wingless  parasitic  insects  of  mammals  and 
birds ;  probably  descended  from  winged  ancestors.  A 
mixed  group ;  it  includes  the  Siphonaptera ,  or  Fleas,  which, 
without  any  very  good  reason,  have  often  been  linked  to  the 
Diptera ;  the  Mallophaga ,  which  are  probably  related  to  the 
Orthoptera;  and  the  Anoplura ,  which  may  be  related  to  the 
Rhynchota. 

From  our  practical  point  of  view,  it  is  permissible  to 
disregard  natural  affinities  and  to  treat  insects  in  some  such 
order  as  follows  : — 

(a)  Orders  which  include  species  that  “  bite  ”  or  sting 
man,  or  in  some  direct  way  threaten  his  health : — 

1.  Diptera  (Flies)  3.  Anoplura  (Lice) 

2.  Siphonaptera  (Fleas)  4.  Rhynchota  (Bugs) 

5.  Hymenoptera  (Wasps,  Bees) 


(b)  Orders  which  include  species,  outside  the  Orders 
already  specified,  that  damage  food,  habitations,  etc. : — 


6.  Coleoptera  (Beetles) 

7.  Lepidoptera  (Moths) 

8.  Orthoptera  (Cock¬ 

roaches,  etc.) 


9.  Isoptera (“White Ants”) 

10.  Corrodentia  (Book-lice) 

11.  Thysanura  (Fish- 

insects) 


(c)  Orders  which  include  species,  outside  the  Orders 
already  mentioned,  that  may  interest  the  medical  officer  in 
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some  more  or  less  indirect  way  (eg.,  preying  upon  flies  and 
their  larvae  ;  resemblance  to  “  biting  ”  insects,  etc.) : — 


12.  Plecoptera  (Stone-flies) 

13.  Ephemerida  (May-flies) 

14.  Mallophaga  (Bird-lice) 

15.  Odonata  (Dragon-flies) 


1 6.  N europtera  (Ant- 

lions,  etc.) 

17.  Mecaptera  (Scorpion- 

flies) 


18.  Trichoptera  (Caddis-flies) 


(d)  Orders  of  no  particular  concern  to  the  medical 
officer : — 

19.  Collembola  (Spring-tails)  21.  Thysanoptera 

20.  Embiida  22.  Strepsiptera 

The  Orders  will  be  dealt  with  here  in  the  order  of  their 
importance  from  the  medical  point  of  view,  beginning  with 

the  Diptera. 


Order  Diptera  (Gr.  Shn-epog  =  with  two  wings). 

Diptera,  or  Flies,  are  insects  that  possess  only  the 
anterior  pair  of  wings  (which  are  membranous)  and  have 
the  mouth-parts  adapted  for  sucking,  and  sometimes  also  for 
piercing.  The  hind  wings  are  represented  by  a  pair  of 
club-shaped  structures  known  as  halteres  or  balancers.  The 
metamorphosis  is  complete,  and  the  transformation  under¬ 
gone  in  the  pupal  stage  sometimes  amounts  to  a  complete 
reconstruction  of  the  body.  The  head  is  usually  joined  to 
the  thorax  by  a  flexible  neck  that  confers  very  great  freedom 
of  movement ;  the  segments  of  the  thorax  are  combined  to 
form  a  single  mass ;  and  the  number  of  visible  abdominal 
segments  is  variable,  between  4  and  9. 

To  the  medical  and  sanitary  officer  Diptera  are  a  group 
of  the  very  foremost  interest,  since  in  addition  to  being  in 
various  ways  inimical  to  health  and  comfort,  certain  notorious 
blood-sucking  species  are  the  carriers,  or  intermediate  hosts, 
of  microscopic  parasites  that  cause  some  of  the  most  formid¬ 
able  diseases  of  tropical  countries.  Blood-sucking  flies,  and 
the  profoundly  grave  part  that  some  of  them  play  in  spread¬ 
ing  certain  specific  diseases  of  man,  form  an  independent 
subject ;  but  ordinary  house-flies  and  blow-flies,  which  onqe 
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were  considered  merely  a  nuisance,  are  now  recognised  as 
being  actually  dangerous. 

(a)  They  may  carry  micro-organisms,  either  on  their  feet 
and  proboscis  or  in  their  dejecta,  from  infected  matter  upon 
which  they  have  settled  or  fed,  to  an  abrasion  or  to  some 
receptive  surface.  In  this  way  house-flies  have  been 
suspected  of  spreading  anthrax,  purulent  ophthalmia,  yaws, 
and  even  of  small-pox,  plague,  tropical  sore,  and  poliomyelitis. 
In  the  case  of  anthrax  it  has  been  shown  that  the  dead  body 
of  a  fly  may  retain  the  infection,  in  the  form  of  spores,  for  an 
indefinite  time. 

(b)  They  may  infect  food  and  drink,  either  by  direct 
contact,  or  by  regurgitation  or  defsecation,  after  feeding  on 
specifically  contaminated  material.  In  this  way  they  may 
spread  the  germs  of  typhoid,  paratyphoid,  epidemic  diarrhoea, 
bacillary  dysentery  (and  perhaps  cholera),  the  eggs  of 
intestinal  worms,  and  the  cysts  of  intestinal  Protozoa. 
Among  other  noxse  that  may  be  swallowed  by  flies,  and 
recovered  from  their  excrement  unchanged,  is  the  bacillus  of 
tubercle. 

(c)  It  appears  even  to  be  possible  that  from  maggots  that 
have  fed  upon  infected  material  specifically  infective  flies 
may  issue,  particularly  if  the  infection  consist  of  spore¬ 
forming  bacteria. 

It  must  be  borne  in  mind,  of  course,  that  to  demonstrate 
the  potential  infectivity  of  a  fly  exposed  to  experimental 
infection  in  the  laboratory  merely  justifies  suspicion  of  the 
insect.  To  establish  a  causal  relation  between  house-flies 
and  any  particular  disease  or  epidemic,  it  is  also  necessary  to 
demonstrate  (i)  that  there  is  periodic  concomitance  of  fly- 
activity  with  outbreaks  or  recrudescence  of  the  disease — and 
the  converse  ;  (2)  that  the  ascertained  range  and  the  normal 
powers  of  flight  of  the  insect  satisfy  all  the  requirements  of 
the  infection  ;  and  (3)  that  the  specific  virus  can  withstand 
all  the  vicissitudes  and  contingencies  of  fly-transport.  The 
qualifications  that  must  be  made  before  inferences  based 
upon  experimental  manipulations  of  captive  flies  and  cultures 
of  microbes  can  be  applied  to  free  flies  in  an  ordinary 
domestic  environment  are  fully  examined  in  Graham  Smith’s 
Flies  in  Relation  to  Disease  (Cambridge). 
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It  is  perhaps  necessary  to  add — in  view  of  the  tendency 
to  bestow  pathognomonic  appellations  upon  the  house-fly — 
that  even  when  a  particular  chain  of  circumstances  seems  to 
justify  suspicion  of  the  insect,  it  is  not  always  sufficient  to  act 
exclusively  on  that  suspicion  without  further  inquiry  and 
investigation.  This  necessity  for  a  critical  attitude  is 
emphasised  by  Captains  Morison  and  Keyworth,  I.M.S.,  in 
their  report  upon  an  epidemic  of  gastro-intestinal  disease  in 
Poona  in  1915,  which  though  by  reasonable  presumption  it 
might  have  been  attributed  to  flies,  was  actually  abated  by 
appropriate  treatment  of  the  water-supply. 

Flies  themselves  may,  in  their  maggot  stages,  be  the 
direct  cause  of  disease.  Their  eggs  or  larvae  may  be 
deposited  in  wounds,  or  at  the  natural  orifices  of  the  body, 
whence  the  larvae  may  burrow  extensively  into  the  tissues, 
and  may  thus  work  even  mortal  damage.  Or  the  eggs,  when 
deposited  in  food,  may  be  swallowed,  and  the  larvae  may 
thus  establish  themselves  in  the  intestine  where,  like 
parasitic  worms,  they  may  sometimes  give  trouble.  Or, 
in  some  way  or  other  their  larvae,  like  true  parasites,  may 
get  a  lodging  beneath  the  seemingly  intact  skin  and  there 
cause  local  inflammation  and  suppuration. 

These  dangers  from  common  flies  are  most  imminent 
among  the  ignorant  and  apathetic  inhabitants  of  slums  ;  but 
they  also  have  to  be  thought  of  in  entrenchments  and 
camps,  where  close  observance  of  the  conveniences  of 
civilised  life  is  not  always  easy. 

It  is  interesting  to  remember  that  the  fly-danger  seems 
to  have  been  suspected  in  the  days  of  Chaucer,  as  appears  in 
the  host’s  chaff  of  gentil  Roger,  “  coke,”  of  London,  in  the 
Canterbury  Tales : — 

“  Of  many  a  pilgrim  hastow  Cristes  curs, 

For  of  thy  persly  yet  they  fare  the  wors, 

That  they  han  eten  with  thy  stubbel-goos  ; 

For  in  thy  shoppe  is  many  a  flye  loos.” 

As  regards  blood-sucking  flies,  some  of  these,  as  is  now 
well  known,  are  also  aggressively  dangerous  as  playing  a 
definite  part  in  the  maintenance  of  certain  species  of 
pathogenic  micro-organisms,  among  which  the  most  impor¬ 
tant,  so  far  as  man  himself  is  concerned,  are  the  haemamoebte 
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of  malarial  fevers,  the  trypanosomes  of  sleeping-sickness, 
certain  filarial  worm-parasites,  and  the  not  yet  recognised 
virus  of  yellow  fever.  Blood-sucking  flies  hardly  affect  man, 
though  sometimes  they  may  seriously  afflict  animals,  by 
mere  abstraction  of  blood  ;  but  they  ,may  cause  very  serious 
harm  by  the  pain  and  venomous  irritation  of  their  “  bites,” 
and  by  subsequent  (septic)  aggravation  of  the  bites  by 
scratching. 


External  Structure  of  Diptera. 

The  head  is  commonly  hemispherical,  the  posterior  surface 
or  occiput  being  nearly  flat.  At  its  sides  are  the  compound 
eyes,  which  with  few  exceptions  are  large,  encroaching  on  the 
vertex,  and  in  males  sometimes  meeting  across  the  crown. 


Between  the  eyes  lie  the  antennae.  The  space  between  the 
eyes  above  the  antennae  is  the  front ;  that  between  the  root 
of  the  antennae  and  the  upper  margin  of  the  mouth  is  the 
face  ;  that  behind  and  below  the  eye  is  the  cheek.  In  addition 
to  the  compound  eyes  many  flies  possess  small  simple  eyes, 
or  ocelli ,  which  are  generally  three  in  number  and  are  set  in 
a  triangle,  apex  forwards,  on  the  top  of  the  head  near  the 
occipital  margin. 

The  antennae  (Fig.  i)  are  one  of  the  principal  means  of 
classifying  flies.  In  one  great  group,  of  which  the  mosquito 
is  a  good  example,  the  antennae,  like  those  of  most  insects, 
are  long  and  slender,  and  are  composed  of  numerous  segments 
all  of  which,  except  one  or  two  at  the  base,  are  alike.  In 
another  great  group,  of  which  the  common  house-fly  is  a 
good  example,  each  antenna  consists  of  3  dissimilar  seg¬ 
ments,  the  terminal  one  being  much  produced  ventrally, 
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and  bearing  far  back  on  its  true  dorsal  surface  a  feathered 
bristle,  or  arista  (Lat.  arista  —  the  awn  of  an  ear  of  corn). 
Between  these  two  extremes  there  is  a  series  of  gradations ; 
for  instance,  in  the  gadfly  the  antenna  consists  of  3  dis¬ 
similar  segments,  the  third  of  which  is  compounded  of  several 
firmly  united  rings  ;  and  in  certain  other  flies  the  antenna  is 
formed  of  3  dissimilar  segments,  the  third  of  which  may 
carry  a  terminal  or  subterminal  bristle,  or  a  slender  style 
which  may  be  compound. 

At  the  lower  front  of  the  head,  beneath  the  clypeus,  is 
the  vestibule  of  the  mouth,  from  which  the  proboscis  and 
maxillary  palps  project. 

The  proboscis  (as  is  well  illustrated  by  Simulium ,  Fig.  37) 
corresponds  with  the  labium  of  other  insects :  whatever 
additional  functions  it  may  have,  it  always  forms  a  sheath 
for  all  the  other  mouth-parts  except  the  maxillary  palps, 
and  its  sides  are  raised  and  indexed  so  as  to  form  a  trough 
or  gutter  for  this  purpose ;  beyond  the  trough  it  ends  in  a 
pair  of  lobes,  or  labella. 

The  mouth-parts  ensheathed  in  the  labium  (“proboscis”) 
are  variable  :  the  constant  structures  are  the  labrum- 
epipharynx ,  representing  the  much-produced  roof  of  the 
mouth,  and  the  hypopharynx ,  which  is  the  similarly  prolonged 
floor  of  the  mouth.  The  labrum-epipharynx  is  longitudinally 
channelled  by  the  incurving  or  infolding  of  its  sides,  the 
channel  becoming  a  complete  tube  by  the  apposition  of  the 
hypopharynx  ;  the  hypopharynx,  in  addition  to  contributing 
to  this  tube,  is  itself  longitudinally  channelled  or  cannulated 
by  the  common  salivary  duct. 

The  above  structures — labium,  epipharynx,  hypopharynx, 
and  maxillary  palps— -are  present  in  all  flies  except  some  of 
the  Oestridce ,  or  bot-flies ;  the  other  mouth-parts — mandibles 
and  maxilla — may  be  either  present  or  absent.  The  condition 
of  mandibles  and  maxillae  and  the  associated  modifications 
of  the  labium  are  exhibited  in  five  diverse  types. 

(1)  Female-mosquito  type  (Fig.  2).  The  labium,  which  is 
long  and  slender,  is  nothing  but  a  sheath;  the  labella  are 
small,  and  their  function  is  mainly  sensory  and  directive. 
The  epipharynx  and  hypopharynx  form,  in  apposition,  the 
suctorial  tube  by  means  of  which  the  insect  feeds.  The 
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mandibles  and  maxillae  are  slender  stylets,  expanded  some¬ 
what  and  serrated  at  the  tip,  and  they  are  used  in  conjunction 
with  the  epipharynx  for  piercing. 

(2)  Female  gadfly  type  (Fig.  3).  The  labium  is  a  coarse 
trough,  and  the  labella  are  broad  expansile  lobes ;  the  inner 
surface  of  each  labellum  is  transversely  and  obliquely  scored 
by  fine,  deep,  regular,  close-set  grooves — the  pseudotrachece — 
which  form  an  absorptive  apparatus ;  the  pseudotracheae  of 
each  labellum  converge  into  a  collecting-tubule ,  which  runs 
along  the  cleft  between  the  labella  and  ends  in  the  labial 
trough,  so  that  fluid  absorbed  by  the  pseudotracheae  passes 


Fig.  3.— Mouth-parts  of  female  Tabanus. 


Fig.  2. — Mouth-parts  of 
Anopheles.  9 


towards  the  mouth  by  way  of  the  labial  trough ;  the  labium, 
therefore,  is  not  only  a  sheath  but  also  to  some  extent  an 
organ  of  suction.  There  is,  in  addition,  as  in  the  mosquito, 
a  suctorial  tube  formed  by  the  epipharynx  and  hypopharynx  ; 
and  the  mandibles  and  maxillae  are  strong  lancets. 

(3)  In  the  female  bumble-fly  type  (Fig.  4)  the  labium 
is,  like  that  of  the  gadfly,  a  sheath  plus  an  absorptive 
mechanism  ;  the  pseudotracheae,  however,  are  few  and  coarse, 
and  their  collecting-tubule  runs  along  either  edge  of  the 
labial  trough  right  up  to  the  true  mouth.  There  is  also  a 
long  suctorial  tube  formed  by  the  epipharynx  and  hypo- 
pharynx.  Maxillae  are  present,  but  much  reduced  in  size. 
Mandibles  are  absent. 
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(4)  In  the  house-fly  type  (Fig.  5)  the  labium  and  labella 
are  quite  like  those  of  the  gadfly,  except  that  the  labium  is 


strengthened  by  chitinous  rods,  and  the  number  as  well  as 
the  minute  structure  of  the  pseudotrachese  are  different. 


The  epipharynx  and  hypopharynx,  considerably  reduced  in 
size,  form  a  tube  which  leads  straight  to  the  mouth,  though 
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some  writers  arbitrarily  apply  the  term  “  mouth  ”  to  the  place 
where  the  collecting-tubules  of  the  pseudotracheae  open. 
Neither  mandibles  nor  maxillae  are  present,  unless  the  paired 
rods  of  chitin  that  strengthen  the  labium  represent  their 
vestiges.  In  the  house-fly  the  functions  of  the  labium  as 
an  organ  for  imbibing  food  overshadow  its  functions  as 
a  sheath. 

(5)  Stomoxys,  or  blood-sucking  Muscid  type  (Fig.  71). 
Here  also,  as  in  the  house-fly,  the  chief  function  of  the 
labium  is  to  procure  food,  and  its  function  as  a  sheath 
is  quite  subordinate.  Mandibles  and  maxillae  are  absent ; 
epipharynx  and  hypopharynx  are  of  good  size ;  and  the 
labium,  which  tapers  to  the  small  solid  serrated  labella, 
is  a  hard  rigid  awl  for  piercing  mammalian  integument. 


In  the  absence  of  pseudotracheae  there  can  be  no  absorption 
by  the  labella. 

The  diversities  of  the  maxillary  palps  are  utilised  for 
classifying  flies.  In  the  flies  that  have  filamentous  many- 
segmented  antennae  the  palps  also  are  commonly  filamentous 
and  composed  of  several  segments ;  in  those,  such  as  the 
house-fly,  that  have  the  antenna  reduced  to  3  segments  and 
an  arista,  the  palps  are  unsegmented  ;  in  those,  such  as  the 
gadfly,  that  have  the  segments  of  the  antennae  otherwise 
reduced,  the  palps  consist  of  2  distinct  segments. 

The  thorax  (Fig.  6)  has  the  form  of  an  inverted  pyramid. 
The  3  constituent  segments,  though  individually  distinguish¬ 
able  by  sutures,  are  firmly  united.  The  prothorax  is  so  much 
contracted  that  in  a  dorsal  view  its  pronotum  is  either  not 
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seen  at  all,  or  shows  only  as  a  sort  of  collar  or  a  pair  of 
shoulder-knots.  The  metathorax  also  is  small,  and  its 
metanotum  is  more  or  less  overlapped  dorsally  by  the 
mesonotum.  The  mesothorax  on  the  other  hand  is  so  large 
that  in  a  dorsal  view  its  mesonotum  fills  almost  the  whole 
field  of  the  thorax :  it  consists  of  two  parts,  namely,  a  larger 
anterior  part,  or  scutum  (Lat.  scutum  —  buckler),  and  a  smaller 
posterior  lobe,  or  scutcllum  (diminutive  of  scutum ),  which 
overhangs  the  metanotum :  the  scutum  is  sometimes  divided 
into  two  nearly  equal  parts  by  a  transverse  groove.  The 
sides,  or  pleura ,  of  the  thoracic  segments  are  greatly  developed ; 
their  somewhat  complicated  structure  is  explained  in  Fig.  6. 
In  the  pleura  of  the  prothorax  and  metathorax  the  large 
anterior  and  posterior  spiracles  are  placed.  Notice  should 
be  taken  of  the  sternopleural  and  hypopleural  plates,  as  the 
large  bristles  borne  by  them  are  of  systematic  importance  in 
dealing  with  the  Muscoidea. 

The  legs  consist  of  the  usual  segments— coxa,  trochanter, 
femur,  tibia,  and  tarsus,  the  tarsus  being  composed  of  five 
pieces.  The  coxa  may  be  long  or  short.  The  first  tarsal 
segment  is  sometimes  elongate  and  is  often  spoken  of  as  the 
metatarsus,  an  ill-chosen  term  which  it  is  perhaps  better 
to  drop :  the  last  tarsal  segment  carries  a  pair  of  claws,  and 
ventral  of  these  there  may  be  a  pair  of  membranous  pads 
or  pulvilli  (Lat.  pulvillus  —  a  little  cushion)  j  between  the 

claws  there  often  exists  a  small  median  appendix _ the 

emp odium  (ey  =  onj  7rockoi'  =  the  foot) — which  may  be  either 
bristle-like,  or  broad  and  membranous  like  the  pulvilli. 

The  wings ,  as  of  the  majority  of  insects,  are  simple  folds 
of  integument  supported  by  veins  or  nervures,  and  they  are 
membranous,  though  they  may  be  covered  with  hairs  or 
scales.  Only  the  anterior  (mesothoracic)  pair  is  present,  and 
even  they  are  occasionally  absent  (wingless  flies).  Near  the 
root  of  the  wing,  posteriorly,  there  is  a  notch— the  axillary 
notch — which  marks  off  a  small  lobe— the  posterior  lobule. 
Internal  to  the  posterior  lobule  there  are  often  one  or  two 
smaller  membranous  plates  (one  lying  above  the  other 
when  there  are  two)  known  as  the  tegula  and  antitegula  (or 
squama  and  antisquama) ;  these  probably  facilitate  the 
closing  and  spreading  of  the  wings,  since  they  are  often  very 
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large  in  flies  whose  movements  are  particularly  sudden  and 
precipitous. 

The  posterior  (metathoracic)  wings  are  represented  by 
a  pair  of  small  club-shaped  organs  known  as  halteres,  or 
balancers  (aXrrjpeg  =  weights  held  in  the  hand  to  give 
impetus  in  jumping),  the  use  of  which  is  supposed  to  be 
either  for  maintaining  equilibrium  or  for  stridulating.  They 
are  very  constant,  and  are  even,  as  a  rule,  present  in  wingless 
flies. 

The  venation  of  the  wings  is  comparatively  simple,  but 
the  general  plan  varies  a  good  deal  in  detail  throughout  the 
order.  It  is  enough  for  our  purpose  to  compare  the  wing- 
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Fig.  7.— Wing  of  House-fly. 


venation  of  a  house-fly,  a  mosquito,  and  a  gadfly  as 
standards. 

In  the  house-fly  (Fig.  7)  a  vein — the  costal— runs  along 
the  front  margin  (the  wing  is  supposed  to  be  extended  at 
right  angles  with  the  body)  from  the  root  of  the  wing  almost 
to  the  tip.  A  second  vein — the  subcostal ,  or  auxiliary — runs 
parallel  with  the  costal  for  a  short  distance  and  then  curves 
into  the  latter.  Behind  the  subcostal,  three  veins— the  first, 
second ,  and  third  longitudinal— ending  from  a  common  stem, 
radiate,  in  the  anterior  half  of  the  wing,  to  successive  points 
in  the  costal  vein.  Three  longitudinal  veins  in  the  posterior 
half  of  the  wing  complete  the  series ;  two  of  them — the 
fourth  and  fifth  longitudinal—  arise  together,  and  diverge  to 
the  margin  of  the  wing ;  the  remaining  one— the  sixth 
longitudinal — arises  more  or  less  independently  and  runs 
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towards  the  hind  margin  of  the  wing.  Certain  short  trans¬ 
verse  veins  connect  some  of  the  longitudinal  veins  :  between 
the  3rd  and  4th  longitudinal  veins,  in  the  middle  of  the  wing, 
lies  the  anterior  cross-vein  ;  between  the  4th  and  5th  longi¬ 
tudinal  veins,  in  the  outer  half  of  the  wing,  runs  the  oblique 
posterior  cross-vein  ;  near  the  axil  of  the  wing  there  are  three 
cross-veins — the  humeral '  between  the  costal  and  subcostal ; 
the  anterior  basal ,  between  the  4th  and  5th  longitudinal ;  the 
posterior  basal ,  between  the  5th  and  6th  longitudinal.  The 
spaces  or  “  cells  ”  included  between  the  several  veins  are  all 
distinguished  by  special  names,  as  indicated  in  Fig.  7  :  the 
discal  “ cell ”  and  its  boundaries  should  be  particularly 
noticed  :  it  lies  in  the  field  of  the  wing,  behind  the  anterior 


cross-vein  ;  but  in  order  to  follow  the  classification  of  flies 
the  arrangement  of  all  the  veins  and  “cells”  must  be  studied. 

In  the  wing  of  the  gadfly  (Fig.  8),  the  venation  appears 
to  be  more  complicated.  The  following  are  the  chief 
differences: — the  costal  vein  runs  all  round  the  edge  of  the 
wing  from  root  to  axil ;  the  third  longitudinal  vein  is  forked  ; 
the  4th  longitudinal  forks  twice ;  the  fifth  longitudinal  takes 
a  zigzag  course;  both  of  the  basal  “cells”  and  the  anal 
“  cell  ”  are  long  and  large ;  owing  to  the  bifurcations  of  the 
longitudinal  veins  the  number  of  “cells”  in  the  outer  and 
posterior  half  of  the  wing  is  increased. 

In  the  wing  of  the  mosquito  (Fig.  9)  the  costal  vein  runs 
all  round  the  edge  of  the  wing  also;  the  1st  longitudinal 
vein  is  very  long ;  the  2nd  longitudinal  bifurcates ;  the  3rd 
longitudinal  is  very  short  and  usually  takes  off  from  the  2nd 
at  a  right  angle ;  the  4th  and  5th  longitudinal  veins  both 
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bifurcate  ;  there  is  no  posterior  cross-vein,  and  so  no  discal 
“cell”;  both  of  the  basal  “cells”  are  long;  there  is  no 
posterior  basal  cross-vein,  and  so  no  closed  anal  “cell.” 

It  should  be  mentioned  that  in  the  wings  of  many  flies  faint 
traces  of  a  longitudinal  vein,  or  even  of  two,  may  be  seen 
behind  the  6th. 

The  abdomen  is  compact,  but  the  segments  are  usually 
distinct.  The  number  of  visible  segments  varies  from  4  to 
9.  When  the  number  of  visible  segments  is  small,  it  is 
generally  the  case  that  several  inconspicuous  posterior 
segments  are  present  (and,  perhaps,  are  introverted ,  or 
telescoped  inwards)  to  form  in  the  female  an  ovipositor , 
and  in  the  male  a  part  of  the  inseminating  apparatus,  or 
hypopygium  (biro  =  beneath  ;  7nry>/  =  rump). 


Integument  of  Diptera. — The  chitinous  cuticle  is  often 
beset  with  hairs,  or  bristles,  or  sometimes  with  scales.  In 
addition  to  this  general  investment,  which  may  be  either 
thick  or  sparse,  there  sometimes  occur  definitely  placed 
bristles  of  larger  size  which  have  received  special  names 
according  to  their  situation.  Among  these  the  following 
may  be  mentioned  as  their  names,  perhaps,  are  not  self- 
explanatory  :  ( a )  vibrissce — these  are  two  strong  bristles 
sometimes  found  near  the  upper  angles  of  the  mouth-cavern, 
one  on  either  side ;  (b)  dorso-central- — these  are  bristles  some¬ 
times  inserted  in  rows  in  the  field  of  the  mesonotum  ;  (c) 
sternopleural — these  are  large  bristles  sometimes  found  on 
the  pleural  plate  that  lies  immediately  above  the  middle 
legs ;  id)  hypo  pleural — smaller  bristles  sometimes  inserted  in 
a  tuft,  or  in  a  vertical  comb,  on  the  pleural  plate  that  lies 
immediately  above  the  hind  legs ;  {e)  discal — bristles  some¬ 
times  occurring  in  pairs  in  the  middle  of  the  abdominal  terga. 
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Alimentary  Canal  (Fig.  io).  —  The  mouth  leads  to  a 
muscular  ^pharynx  which  acts  like  a  suction  pump.  Connected 
with  the  oesophagus  there  are  one  or  more  “  crops  ”  or  food- 
reservoirs,  the  ducts  of  which  may  be  almost  as  long  as  the 
oesophagus  itself.  The  stomach  is  large  and  distensible,  its 
anterior  portion,  or  proventriculus ,  having  a  thick,  glandular 
epithelium.  The  intestine  is  coiled,  and  ends  in  a  rectal 
pouch,  which  has  several  (usually  four)  large  glandular 
papillae  on  its  wall.  At  the  junction  of  the  stomach  and 
intestine  the  long,  coiled  Malpighian  tubules,  which  are 
usually  four  in  number,  open.  The  salivary  glands  are  large, 
and  their  common  duct  opens  at  the  tip  of  the  hypopharynx. 


Reproduction. — Most  flies  lay  eggs,  which  are  usually 
deposited,  in  a  manner  that  simulates  conscious  foresight, 
in  a  medium  or  in  a  pabulum  suitable  to  the  future  larva  : 
the  eggs  are  large,  and  are  often  sticky,  so  that  they  cohere 
in  masses.  Some  flies,  such  as  the  flesh-flies  ( Sarcophaga ), 
give  birth  to  small  living  larvae ;  and  there  are  others,  such 
as  Glossina  and  the  Pupipara ,  that  retain  and  nourish  the 
larva  in  the  oviduct,  and  do  not  deliver  it  until  it  is  full- 
grown  and  ready  to  transform  into  a  pupa.  In  these  last 
only  one  full-grown  larva  is  born  at  a  time,  but  other  Diptera 
produce  many  eggs  (or  small  maggots)  at  a  birth. 

The  larva  may  be  either  an  eruciform  maggot  (Lat. 
eruca  —  a  grub),  or  may  be  fairly  well  endowed.  The 
typical  eruciform  larva  is  a  segmented  worm-like  creature 
with  a  head  so  small  as  to  be  almost  invisible,  and  without 
appendages  except  a  pair  of  minute  papilliform  antenna; 
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and  a  pair  of  chitinous  mouth-hooks.  Some  grub-like  larvae 
may  have,  in  addition,  stumpy  pseudopods  like  those  of 
caterpillars,  on  some  of  the  segments. 

Another  type  of  larva  is  exemplified  by  that  of  the 
mosquito,  which  has  a  distinct  head,  thorax,  and  abdomen, 
the  head  being  provided  with  eyes  and  well-pronounced 
antennae,  and  also  with  mandibles,  maxillae,  and  other  organs 
for  discriminate  feeding. 

In  other  larvae  (e.g.  of  the  gadflies)  there  is  a  distinct 
head,  with  antennae,  mandibles,  and  maxillae,  but  it  can 
be  retracted  completely  into  the  first  segment  of  the 
body. 

Dipterous  larvae  are  sometimes  classified  according  to 
the  arrangement  of  their  spiracles  or  breathing-openings. 
Those,  like  the  house-fly’s  maggot,  that  have  two  pairs  of 
spiracles — one  pair  at  each  end  of  the  body — are  known 
as  amphipneustic  ( a/mcpL  =  a.t  both  ends,  and  irvevo-Taca  =  things 
for  breathing) :  those  like  mosquito-larvae,  that  have  only 
one  pair  of  spiracles  placed  at  the  posterior  end  of  the  body, 
are  called  metapneustic  (/mera  =  behind,  and  7 Tvevo-ruca)  \  while 
peripneustic  larvae  (ire pi  =  round  about,  and  7 rvevcrTiKa)  are 
those  with  numerous  spiracles  arranged  in  segmental  pairs 
along  either  side  of  the  body. 

The  larvae  of  Diptera  show  much  diversity  in  mode  of 
life.  Some  live  in  water,  both  fresh  and  salt,  and  are 
thoroughly  aquatic  animals ;  many  live  in  decaying  organic 
matter  of  all  kinds ;  others  are  parasites  of  living  plants ; 
others  are  parasites  of  the  larvae  of  other  kinds  of  insects ; 
others  are  intestinal  and  subcutaneous  parasites  of  vertebrate 
animals ;  others  are  predatory  and  rapacious,  seizing  other 
insects  and  small  animals  and  eating  or  sucking  them ;  while 
there  are  some,  such  as  the  Congo  floor-maggot,  which  are 
blood-suckers. 

The  pupa  may  be  either  “coarctate”  (Lat.  coarctatus  = 
confined,  i.e.,  confined  in  its  larval  skin),  or  “obtected” 
(Lat.  obtectus  —  protected,  i.e.y  merely  protected  by  a  chitinous 
secretion). 

In  the  coarctate  form  the  pupating  larva  shrinks  in  its 
skin,  so  that  the  resulting  pupa  lies  in  a  case  or  puparium , 
formed  by  the  hardened  skin  of  the  larva. 
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In  the  obtected  form  the  larva  as  it  pupates  casts  off  its 
skin,  and  the  pupa  is  enveloped  only  in  its  own  chitinous 
pellicle. 

The  pupa  of  the  house-fly  is  an  example  of  a  coarctate 
pupa ;  that  of  the  mosquito  is  an  example  of  an  obtected 
pupa. 

In  some  flies  (e.g.  Simulium ,  Fig.  40),  the  pupa  is 
enclosed  in  a  silky  cocoon  which  is  spun  by  the  larva  as 
a  prelude  to  pupation. 

The  mature  fly,  or  imago ,  escapes  from  the  pupal  shell 
or  the  puparium  in  one  of  two  ways.  In  the  case  of  the 
coarctate  pupa  the  anterior  end  of  the  puparium  is  usually 
pushed  off  by  a  distensible  bladder-like  sac,  known  as  the 


ptilinum  (?  irri\ov  =  a  plume),  which  protrudes  like  a  hernia 
from  the  “forehead,”  or  front,  of  the  emerging  fly  (Fig.  11). 
When  the  fly  has  crawled  out  of  the  ruptured  puparium  the 
ptilinum  shrivels,  and  is  ultimately  retracted  into  the  head 
of  the  fly ;  but  a  record  of  its  existence  is  left  in  the  form 
of  a  crescent-shaped  scar,  known  as  the  frontal  lunule 
(Fig.  12),  which  embraces  the  roots  of  the  antennae.  Where 
the  distension  of  the  ptilinum  has  been  great,  the  ends  of  the 
frontal  lunule  are  produced  far  down  the  face  on  either  side 
of  the  antennae,  these  extensions  of  the  scar  being  known 
as  the  frontal  suture  (Fig.  12). 

In  the  case  of  the  free  or  obtected  pupa  the  pupal  skin 
is  split  either  longitudinally  down  the  back,  or  in  a  T-shaped 
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fashion,  or  transversely,  and  the  fly  withdraws  itself  much 
as  a  hand  is  withdrawn  from  a  glove. 

Classification  of  Diptera. 

Flies  are  grouped  by  Brauer  in  two  suborders,  Orthor- 
rapha  and  Cyclorrapha.  In  the  Orthorrapha  (opdos  =  straight, 
pa0?}  =  seam  or  suture)  the  larva  has  a  distinct  head,  even 
though  it  may  be  retractile ;  the  pupa  is  usually  naked,  or 
obtected ;  and  the  adult  escapes  from  the  pupal  skin  by  a 
straight  dorsal  slit,  which  is  usually  longitudinal.  In  the 
Cyclorrapha  (kvkXos  =  circle)  the  larva  is  a  maggot  with  a 
minute,  undifferentiated  head;  the  pupa  is  enclosed  in  a 
puparium  (i.e.,  is  coarctate) ;  and  the  adult  escapes  from  the 
puparium  by  an  anterior  transverse  (i.e.,  circular)  slit— the 
slit  usually  being  made  by  the  protrusion  of  a  ptilinum,  the 
subsequent  retraction  of  which  usually  leaves  a  scar  or  frontal 
lunule. 

According  to  their  adult  characters  flies  are  generally 
arranged  in  the  following  five  sections,  the  first  two  of  which 
constitute  the  suborder  Orthorrapha ,  and  the  last  three  the 
suborder  Cyclorrapha. 

Section  I.  NEMATOCERA  (vy]pci  =  thread,  Kepa$  —  horn  or 
antenna).  Midges  and  their  like.  The  antennae  are  usually 
filamentous  and  composed  of  numerous  similar  or  nearly 
similar  segments,  the  number  of  which  is  never  less  than  6 
and  is  commonly  14  or  16.  The  maxillary  palps  are  usually 

elongate  and  flexible,  and  formed  of  several — commonly  4 _ 

segments.  In  the  females,  at  least,  maxillae,  and  also 
mandibles,  are  generally  present.  Several  of  the  longitudinal 
veins  are  forked,  but  rarely  the  3rd. 

Section  2.  Brachycera  (ftpaxvs  —  short).  Not,  or  not 
commonly,  midge-like.  The  antennae  are  very  rarely 
filamentous  :  very  commonly  they  consist  of  3  dissimilar 
segments,  of  which  the  third  may  be  compound,  or  may  carry 
a  style  or  an  arista  which  is  terminal,  or  subterminal,  or, 
rarely,  dorsal  in  position.  The  maxillary  palps  are  commonly 
composed  of  two  distinct  segments  and  are  not  flexible. 
Maxillae  are  generally  present,  and  in  the  females  mandibles 
also  may  be  found.  Usually  several  of  the  longitudinal  veins 
are  forked,  but  never  the  2nd, 
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Section  3.  Aschiza.  The  antennae  consist  of  3  segments, 
the  third  of  which  is  enlarged  and  carries  an  arista  generally 
dorsal  in  position.  Mandibles  are  absent,  but  maxillae  are 
often  present.  Frontal  lunule  indistinct:  no  frontal  suture. 

Section  4.  SCHIZOPHORA  (<rx*fa  =  cleft,  (popeoo=l  wear). 
House-fly  type.  The  antennae  consist  of  3  segments,  the 
third  being  ventrally  elongated  and  carrying  an  arista,  which 
generally  is  placed  far  back  on  the  anterior  (dorsal)  surface. 
The  maxillary  palps  are  not  segmented.  Mandibles  and 
maxillae  are  not  present.  None  of  the  longitudinal  veins  is 
forked.  Frontal  lunule  and  frontal  suture  distinct. 

Section  5.  Pupipara.  Blood-sucking  flies  which  live  as 
ectoparasites  on  mammals  and  birds  and  are  structurally 
modified  in  various  ways  for  a  parasitic  life.  Commonly 
known  as  “  Tick-flies,”  by  reason  of  their  habits,  and  the 
superficial  resemblance  of  some  of  them  to  ticks.  Their 
collective  name,  Pupipara,  signifies  that  so  far  as  is  known 
they  bring  forth,  one  at  a  time,  full-grown  larvae  ready  to 
pupate,  or,  sometimes,  actual  pupse. 


CHAPTER  VI 


Order  Diptera  ( continued ):  The  Nematocera— Culicidas 

and  other  Midges 


The  typical  Nematocera  are  midge-like  flies  with  elongate, 
slender  body  and  legs,  narrow  wings,  filamentous  antennae 
of  numerous  segments,  and  slender,  commonly  elongate, 
maxillary  palps. 

In  the  following  synopsis,  which  is  based  on  that  of 
Williston,  the  families  pertinent  to  our  subject  are  printed  in 
capitals. 


i. 


8. 


Synopsis  of  the  Families  of  Nematocera. 

/  Wings  usually  with  a  discal  cell  =  2. 

I  No  discal  cell  __  ^ 

2.  |  Scutum  usually  with  a  V-shaped  transverse  suture  Tipulida. 

INo  V-shaped  transverse  suture  Rhyphidce. 

f Antennas  apparently  formed  of  2  segments  and  a  bristle 

3*  "|  Orphneph il idee. 

^Antennae  normally  nematocerous  =  ^ 

'Wings  with  a  network  of  fine  vein-like  creases  besides  the 
ordinary  veins  Blepharoceridce. 

Wings  of  ordinary  appearance  =  ^ 

Fragile,  usually  minute,  midges  ;  wings  with  few  (often  only  3) 
longitudinal  veins  and  no  cross-vems  Cecidotnyidce . 

Not  abnormally  delicate  ;  wings  with  numerous  veins  =  6. 

Body  and  wings  densely  hairy ;  wings  pointed  ;  general 
appearance  moth-like  PSYCHODIDSE 

Not  moth-like  nor  with  pointed  wings  —  y 

f  Posterior  edge  of  wing  densely  fringed  with  scales  ;  venation  as 

\  FiS*  9  CULICID/E. 

[No  posterior  fringe  of  scales ;  venation  different  from  Fig.  9=8. 
/The  costal  vein  extends  all  round  the  wing  &  Dixidce. 

''The  costal  vein  does  not  extend  all  round  the  wing  =  9 

/  Ocelli  present  _ 

(Ocelli  absent  _ 

A  X  • 
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f  Coxae  usually  elongate  ;  all  the  tibiae  end  in  spurs  ;  antennae 
io.  j  usually  elongate  Mycetophilida* . 

t  Coxae  not  elongate  ;  antennae  shorter  than  the  thorax  Bibionidce. 
r Thick-set  little  flies  with  stout  legs  ;  antennae  hardly  longer  than 
Ir  J  the  head,  never  verticillate  SIMUL1ID/E. 

j  Gnat-like  flies  with  slender  legs  ;  antennae  often  verticillate. 

^  CHIRONOMIDAi. 

Family  CULICIM:. 

The  Culicidae  (Mosquitoes)  can  be  distinguished  from 
all  other  midges  by  the  venation  (Fig.  9)  and  by  the  dense 
fringe  of  scales  on  the  hind  border  of  the  wing ;  usually 
also  they  have  a  proboscis  of  extraordinary  length,  but  this 
character  is  not  diagnostic,  since  it  is  exhibited  also  by  some 
Tipulidce  and  some  Mycetophilidce.  The  females  of  many 
species  are  blood-suckers,  but  not  the  males. 

The  head,  which  is  attached  by  a  distinct  neck,  is 
subglobous ;  it  is  largely  formed  by  the  eyes,  below  and 
behind  which  it  is  covered  with  scales.  The  antennae  are 
composed  of  14  visible  segments,  the  first  of  which  is 
bulbous,  while  the  rest  are  slender,  and  carry — most  of 
them — whorls  of  hairs,  which  in  the  males  of  many  species 
are  so  long  and  dense  as  to  give  the  antenna  the  look  of 
a  small  bottle-brush.  The  clypeus  is  prominent.  Except  in 
one  small  group  (the  Corethrimz)  the  labium  (proboscis)  is 
long  and  slender,  and  ends  in  small  labella;  it  is  only  a  sheath 
for  the  other  mouth-parts,  and  is  arched  backwards  during 
the  operation  of  sucking.  The  maxillary  palps,  which  like 
the  labium  are  scaly  and  hairy,  consist  of  several  (commonly 
four)  segments,  and  show  specific  and  sexual  differences 
in  respect  of  length  and  shape.  The  parts  ensheathed 
in  the  labium  also  differ  according  to  sex :  in  the  females 
of  most  species  they  include  (1)  a  pointed  labrum-epipharynx, 
which  is  concave  ventrally ;  (2)  a  slender  hypopharynx 
which — itself  channelled  as  a  salivary  duct  —  forms  in 
apposition  with  the  concave  epipharynx  a  suctorial  tube ; 
(3)  a  pair  of  slender  mandibles,  slightly  expanded  and  very 
finely  serrated  at  tip;  and  (4)  a  pair  of  slender  maxillae, 
which  are  more  coarsely  serrated  at  tip,  and  in  some  species 
are  also  broadly  fringed  or  pectinated  along  most  of  their 
length.  In  the  female  of  some  species  mandibles  are 
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absent ;  and  in  males  generally  both  mandibles  and  maxillae 
are  wanting  (Fig.  13). 

The  thorax,  which  is  scaly  or  hairy,  is  formed  chiefly  by 
the  middle  segment  (mesothorax).  In  a  dorsal  view  little 
is  seen  but  the  scutum  and  scutellum,  the  latter  usually 
having  its  free  edge  trilobate,  but  sometimes  (. Anopheles ) 
simply  curved.  In  front  of  the  scutum,  on  a  lower  plane, 
the  dorsal  element  of  the  prothorax  shows  as  a  pair  of 
shoulder-knots.  Overhung  by  the  scutellum  lies  the  meta- 
notum,  usually  quite  bald. 

The  elongate  abdomen,  which  also  is  scaly  or  hairy, 
consists  of  9  visible  segments,  the  last  of  which  is  considerably 


retracted  and  bears  a  pair  of  lobes  or  cerci,  the  lobes  in  the 
female  being  simple,  but  in  the  male  complicated  and 
terminating  in  paired  hooks  or  claspers. 

The  wings  are  elongate  and  narrow  and  have  the 
venation  shown  in  Fig.  9,  a  noticeable  feature  being  the 
short  3rd  longitudinal  vein  taking  off  from  the  second 
at  such  an  angle  that  its  origin  is  sometimes  spoken  of  as  a 
“  supernumerary  cross-vein.”  Characteristic  also  is  the  double 
or  triple  fringe  of  scales  along  the  hind  border.  Except 
in  the  small  subfamily  Corethrince ,  where  hairs  generally  take 
their  place,  all  the  veins  are  clad  with  scales.  There  are 
no  squamae,  so  that  the  halteres  are  conspicuous. 

The  legs,  which  are  invested  with  scales,  are  long  and 
slender,  and  the  first  tarsal  segment  is  as  long  as  or  longer 


ORDER  DIPTERA  :  THE  NEMATOCERA 


59 


than  the  tibia.  The  succeeding  tarsal  segments  decrease 
in  length  successively  to  the  5th,  which  terminates  in  a  pair 
of  claws :  these  are  usually  equal  in  size,  and  may  be  simple 
or  may  have  an  extra  tine. 

The  main  features  of  the  internal  anatomy  are  shown  in 
Fig.  10. 

The  eggs  of  mosquitoes  are  deposited,  either  in  masses  or 
singly,  on  or  very  close  to  water,  but  in  the  case  of  certain 
species  that  have  to  adapt  themselves  to  extreme  vicissitudes 
of  climate  they  may  be  laid  in  quite  dry  places,  where,  how¬ 
ever,  they  will  become  immersed  in  due  season  ;  this,  for 
instance,  may  happen  with  some  species  of  Stegomyia ,  whose 
eggs  when  deposited  in  the  dry  season  may  remain  dry  and 
dormant  until  the  advent,  months  afterwards,  of  rainy 
weather ;  it  is  also  said  to  be  the  normal  course  with 
many  sub-arctic  and  northern-temperate  species  whose 
eggs,  deposited  in  autumn  or  even  earlier,  must  lie  dormant 
through  the  winter  until  the  setting  free  of  the  frozen  waters 
in  spring. 

In  some  species  (e.g.  Culex)  the  eggs  stick  together  in 
rows,  side  by  side,  in  an  upright  position  in  “  rafts  ”  ;  in  others 
(e.g.  Stegomyia  and  most  Anopheles)  they  float  singly,  at  full 
length,  with  but  slight  tendency  to  cohere  ;  in  others  (e.g. 
Chaoborus)  they  are  imbedded  in  strings  of  jelly.  The 
individual  egg  is  elongate,  with  one  end  rather  broader  and 
blunter  than  the  other,  and  is  pigmented  ;  outside  the 
chitinous  shell  it  is  coated  by  a  delicate  membrane,  which 
may  either  fit  it  quite  closely,  or  may  invest  it  more  loosely 
so  as  to  leave  on  either  side  an  air-space  or  float,  as  in 
Anopheles  (Fig.  14). 

In  ordinary  circumstances,  uncomplicated  by  any  specific 
necessity  for  withstanding  periods  of  prolonged  drought  or 
cold,  the  egg  hatches  within  a  few  days — sometimes  within 
twenty-four  hours. 

The  number  of  eggs  laid  in  one  batch  varies  considerably 
according  to  species  :  in  Culex  pipiens  it  ranges  from  about 
120  to  about  400,  but  other  species  may  lay  their  eggs  a  few 
at  a  time  over  a  considerable  period.  With  those  species  that 
habitually  deposit  large  batches  the  number  of  batches  that 
may  be  produced  in  a  lifetime  is  variable :  in  Calcutta  Culex 
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fatigans  was  observed  by  Miss  Nelly  Evans  to  produce  five 
batches  in  the  course  of  its  life  when  fed  regularly  with  blood. 

The  larvae  (Figs.  15,  16)  are  modified  for  an  aquatic  life 
and  are  to  be  found  in  collections  of  fresh  water  of  almost 
any  kind,  small  or  large,  natural  or  artificial,  casual  and 
evanescent  or  permanent,  also  in  brackish  and  salt  marshes, 
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Fra.  15. — Larva  of  Stegomyia  fasciata. 


and  even  in  pools  of  sea-water  ;  they  may  be  found  in  the 
pools  of  hill  streams  and  in  the  sedgy  selvage  of  large  rivers, 
but  as  a  rule  not  in  quick-flowing  currents  unobstructed  by 
vegetation.  They  are  extremely  active,  and  though  their 
food  consists  usually  of  algae  and  vegetable  matter,  some 
species  are  carnivorous  and  rapacious.  Each  species  has  its 
own  distinctive  characters,  and  most  species  have  their  own 
particular  habitat. 
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Fig.  16. — Larva  of  Anopheles  maculipennis. 


Fig.  17. — Head  of  Culex  Larva. 
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Ignoring  for  the  present  minor  specific  differences,  the 
general  features  of  Culicid  larvae  are  as  follows  : — 

The  head  is  a  chitinous  capsule  with  well-developed 
appendages.  The  eyes  at  an  early  stage  are  rather  irregular 
masses  of  pigment,  but  later  become  facetted.  The  clypeus 
is  prominent,  and  from  either  side  of  it  spring  copious  tufts 
of  hairs  known  as  “  mouth-brushes,”  which  are  used  for 
sweeping  in  food.  In  predatory  larvae  (Fig.  18)  the  brushes 
are  represented  by  combs  or  rakes  of  stiff  curved  prehensile 
bristles.  The  mandibles  are  strong,  serrated  teeth,  usually 
dark  in  colour.  The  maxillae  are  setose  plates,  each  with  an 
outer  lobe,  or  palp,  of  varying  length.  The  labium  is  repre¬ 


sented  by  a  triangular  median  plate,  the  edge  of  which  is 
more  or  less  serrated :  that  this  structure  really  is  the 
labium  can  hardly  be  doubted  if  it  be  compared  with  the 
homologous  part  in  the  larva  of  Simulium ,  which  has  a 
vestige  of  a  palp  on  either  side.  On  the  front  of  the  head 
are  some  definitely  disposed  hairs. 

The  thorax  is  a  broad  mass  which  shows  its  composition 
of  3  segments  only  in  the  serial  arrangement  of  its  lateral 
hairs ;  these  may  be  simple,  or  pilose,  or  (as  in  Anopheles ) 
may  be  distinct  feathers,  or  they  may  have  the  form  of  bristles. 
In  one  of  the  Corethrinas  ( Corethrelld )  the  three  thoracic 
segments  are  quite  distinct. 

The  abdomen,  which  is  elongate  and  soft,  consists  of 
9  segments  :  sometimes — particularly  in  the  case  of  some  of 
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those  species  that  breed  in  pitcher-plants  and  things  of  that 
kind — it  is  plentifully  covered  with  tufts  of  hairs,  but  usually 
hairs  are  conspicuous  only  at  the  sides  of  the  segments  and 
on  the  sternum  of  the  last  segment,  where  they  form  a  sort 
of  fin.  On  the  dorsum  of  the  8th  segment  the  main  tracheal 
trunks  open,  either  in  a  hollow  protected  by  adjustable  folds 
and  plates  (Fig.  1 6),  as  in  Anopheles ,  or  in  a  distinct  tube  as 
in  all  other  Culicince.  This  breathing-tube  has  its  orifice 
loosely  fitted  with  valves,  and  on  its  posterior  surface  there 
is  usually  a  double  row  of  spines.  On  the  sides  of  the  8th 
segment  there  are  generally  some  scales,  or  spines,  the 
number  and  form  of  which  are  specific.  The  9th  segment 
is  small,  and  generally  ends  in  four  tracheal  gills  of  varying 
size,  which  surround  the  anus. 

The  principal  features  of  the  internal  structure  are  shown 
in  Fig.  15.  The  broad  digestive-tube  passes  straight  through 
the  body ;  in  the  thorax  it  expands  in  glandular  caeca,  and  in 
the  6th  segment  it  receives  the  five  Malpighian  vessels ;  the 
two  main  tracheal  trunks  run  dorsal  of  and  parallel  with  it, 
from  the  spiracles  of  the  8th  abdominal  segment  to  a  point 
in  the  thorax  where  the  breathing-openings  of  the  pupa  will 
subsequently  appear,  at  which  point  they  suddenly  become 
contracted. 

The  locomotion  of  the  larva  is  effected  by  energetic 
wriggling.  In  repose  the  larva  of  Anopheles  (and  of  a  few 
other  species)  lies  horizontally,  usually  at  the  surface  of  the 
water ;  but  in  most  other  forms  the  resting  larva  hangs  head 
downwards  with  the  tip  of  the  breathing-tube  at  the  surface. 

The  larva  moults  three  times,  becoming  full  grown  in 
the  most  favourable  conditions  of  food  and  warmth  in  one  to 
three  weeks,  but  cold  and  other  unfavourable  circumstances 
may  cause  the  larval  stage  to  be  prolonged  to  several  weeks, 
and  in  northern  latitudes  some  species  of  Culex  and  Anopheles 
may  remain  in  the  larval  stage  throughout  the  winter. 
When  the  larva  is  full  grown  many  of  the  adult  structures — 
particularly  the  legs — can  be  made  out  below  the  skin. 

The  full-grown  larva  casts  its  skin  a  fourth  time  and 
becomes  a  pupa  (Fig.  19),  in  which  stage  it  resembles  a 
miniature  lobster  deprived  of  appendages.  The  head  and 
thorax  form  a  single  mass,  in  which  the  eyes,  antennae,  legs, 
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and  wings  can  be  seen  folded  beneath  the  cuticle ;  and  from 
the  back  of  the  mass  a  pair  of  “  breathing-trumpets  ”  projects, 
these  having  open  mouths  and  a  lining  of  short  interlacing 
hairs.  The  abdomen  is  curved  and  ends  in  a  pair  of  leaf-like 
fins ;  and  the  tergum  of  the  first  segment  bears  a  pair  of 
fan-shaped  tufts  which  help  to  moor  the  pupa  to  the  surface 
with  its  breathing-trumpets  in  position  for  intake  of  air. 
The  pupa  can  be  very  active,  but  cannot  feed.  The  pupal  stage 
is  short  commonly  a  day  or  two,  but  longer  in  cold  weather. 

When  the  adult  is  ready  to  emerge,  the  pupa  straightens 
out,  and  the  skin  of  the  thoracic  mass  bursts  down  the  back. 
The  head  of  the  insect  appears  through  the  rent,  and  is 
gradually  followed  by  the  body  and  appendages.  After 


delivery  the  insect  rests  for  a  while  on  the  empty  pupal  case 
until  its  wings  are  hardened  and  fit  for  flight. 

The  duration  of  adult  life  varies  according  to  species  and 
to  circumstances,  but  the  male  (which  usually  is  the  first  to 
appear)  is  generally  shorter-lived  than  the  female.  Although 
the  females  of  several  species  are  known  to  live  through  the 
winter  in  a  torpid  state,  it  seems  probable  that  about  three 
months  is  the  ordinary  limit  of  active  life,  and  that  some 
species  do  not  live  longer  than  six  weeks.  Many  observa¬ 
tions  have  been  made  by  different  people,  but  those  only  are 
instructive  which  refer  to  insects  that  were  fed  regularly 
and  were  allowed  to  pair.  I  have  kept  Stegomyia  fasciata  in 
a  roomy  cage  with  plenty  of  food  for  the  males  and  periodic 
feeds  of  blood  for  the  females ;  and  in  these  circumstances 
several  males  lived  eighty-nine  days,  and  one  ninety  days ; 
and  several  females  lived  more  than  ninety  days,  and  one 
escaped  alive  at  the  age  of  ninety-eight  days. 
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Mosquitoes  do  not  as  a  general  rule  fly  far  from  the  spot 
where  they  are  bred,  though  they  may  sometimes  be  trans¬ 
ported  to  a  considerable  distance  by  a  steady  breeze,  and 
still  more  by  human  agency.  The  species  of  Anopheles  are 
generally  believed  to  be  among  the  mosquitoes  whose  powers 
of  flight  are  weakest :  numerous  observers  have  expressed 
the  opinion  that  Anopheles  do  not  usually  fly  more  than  a 
few  hundred  yards,  and  their  normal  range  is  about  half  a 
mile,  though  there  are  authentic  records  of  flights  of  more 
than  a  mile. 


CHAPTER  VII 


Mosquitoes  in  Pathogeny :  Prevention  and  Control 

“  Ah  !  how  the  poor  world  is  pestered  with  such  water  flies.” 

MOSQUITOES  may  be  harmful  by  their  venomous  bite, 
especially  if  it  become  inflamed  by  scratching.  In  common 
with  other  blood-sucking  insects  they  have  been  suspected  of 
spreading  the  infection  of  tropical  sore,  leprosy,  etc.,  and 
there  is  satisfactory  evidence  that  they  transmit  the  infection 
of  dengue  fever ;  but  it  is  their  activity  as  specific  agents  in 
the  propagation  of  malaria,  yellow  fever,  and  one  of  the 
commonest  forms  of  filariasis,  that  engrosses  the  attention  of 
the  sanitarian. 

Filariasis. — The  first  experimental  proof  that  a  mosquito 
(or  indeed  a  blood-sucking  Arthropod  of  any  kind)  plays  a 
settled  part  in  the  transmission  of  a  specific  disease  of  man 
is  to  be  found  in  a  paper  by  Patrick  Manson,  published  in 
the  Journal  of  the  Linnean  Society  (Zoology)  for  1879,  and 
entitled  “On  the  Development  of  Filar ia  sanguinis  hominis , 
and  on  the  Mosquito  considered  as  a  Nurse.”  Sir  Patrick 
Manson’s  paper,  though  it  did  not  disclose  every  stage  in  the 
process  of  transmission  of  the  Filaria  from  man  to  man,  has 
been  the  original  source  of  inspiration  in  the  study  of  insect- 
borne  disease,  and  will  always  stand  out  as  a  great  beacon, 

“  Quod  non  imber  edax 
Possit  diruere  aut  innumerabilis 
Annorum  series  et  fuga  temporum.” 

Malaria.— Vague  tribal  beliefs  or  legends  that  seasonal 
fevers  are  caused  by  the  bites  of  mosquitoes  have  been 
reported  by  travellers  in  both  hemispheres  ;  and  that  there 

are  interrelations  of  divers  kinds  between  mosquitoes  and 
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malaria  was  noticed  by  several  shrewd  observers  both  before 
and  after  the  existence  of  malarial  parasites  had  been  dis¬ 
covered  by  Laveran.  These  interdependencies  were  analysed 
with  particular  sagacity  by  Dr  A.  F.  A.  King  of  Washington. 
Manson,  discerning  the  analogies  between  the  filarial  and 
malarial  parasites,  inferred  that  the  flagellar  forms  of 
Laveran’s  parasite  seen  in  blood  drawn  from  a  malaria 
patient  were  destined  to  develop  in  some  way  in  a  mosquito 

an  inference  which  Ronald  Ross,  in  acknowledging 
Manson’s  insight  and  directive  influence  extolled  as  “  a  great 
illuminating  induction.”  But  it  was  Sir  Ronald  Ross  who 
between  1895  and  1898  actually  discovered  some  of  the 
stages  of  Laveran’s  haemamoeba  in  the  mosquito,  and  by  his 
experimental  demonstration  of  every  stage  of  the  sexual 
development  of  one  of  the  Haemosporidia  of  birds  in  a 
Culex  affirmed  the  vital  connection  between  mosquitoes  and 
malaria  parasites,  and  thus  established  Manson’s  hypothesis 
upon  a  basis  of  verified  fact. 

Yellow  Fever .  —  As  in  the  case  of  malarial  fevers,  a 
connection  between  yellow  fever  and  mosquitoes  had  been 
suspected  many  years  before  Dr,  C.  Finlay,  in  1881,  sought 
to  show  by  attentive  argument  that  this  connection  was 
constant  and  necessary  and  was  specific  to  Stegomyia fasciata. 
Finlay  thus  paved  the  way  for  the  United  States  Commission, 
which,  in  1900,  under  the  presidency  of  Dr  Walter  Reed, 
gave  exact  expression  to  the  facts  of  this  connection  so  far 
as  they  are  verifiable. 

Prevention  of  Mosquitoes. 

The  most  effective  measures  are  to  obliterate  breeding- 
places  and  to  exterminate  larvae.  At  the  same  time  adult 
insects  can  be  discouraged  by  keeping  the  precincts  of 
dwellings  clear  of  bushes  and  creepers,  and  can  be  excluded 
by  screens,  or  systematically  destroyed  by  fumigation,  by 
traps,  and  by  hand. 

In  attacking  larvae  it  is  necessary  to  distinguish  between 
what  are  known  as  “  domestic  ”  mosquitoes,  namely,  those 
like  the  species  of  Culex  and  Stegomyia  that  habitually  breed 
in  water  used  for  domestic  purposes  as  well  as  in  any  chance 
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collection  ol  water  in  or  about  a  house ;  and  those  like  most 
species  of  Anopheles  that  usually  breed  in  more  permanent 
waters. 

The  domiciliary  species  can  be  dealt  with  by  the  strict 
enforcement  of  ordinary  sanitary  regulations :  cisterns, 
water-butts,  etc.,  should  be  kept  covered  ;  water  in  domestic 
utensils  of  whatever  kind  must  not  be  left  long  enough 
unchanged  to  permit  the  development  of  a  brood  of  larvae  ; 
no  driblets  of  water  must  be  allowed  to  accumulate  in 
sagging  roof-gutters,  or  surface  drains,  or  under  taps;  no 
broken  bottles  or  discarded  pots  and  tins  capable  of  holding 
a  few  drops  of  rain-water  must  be  allowed  to  lie  about ;  drain- 
traps  and  drip-holes  and  all  such  places  as  cannot  be  kept 
dry  must  be  treated  with  petroleum  or  protected  with  wire- 
gauze,  as  also  should  any  soakpit  or  cesspool. 

As  for  the  species  of  Anopheles ,  although  a  few  deposit 
their  eggs  in  holes  in  tree-trunks  and  in  natural  receptacles 
in  certain  plants,  and  some  may  breed  in  water-butts,  cisterns, 
wells,  and  garden  aqueducts,  the  larvae  of  the  majority  are 
to  be  found  only  in  quite  other  kinds  of  water — in  ponds  and 
pools,  in  grassy  runnels  and  rills,  in  the  reedy  selvage  and 
surface  drift  of  lakes  and  rivers,  in  swamps  and  fens  and 
marshes,  fresh,  brackish,  or  salt,  in  the  seepage  that  collects 
in  holes  and  hoof-prints  in  boggy  land,  in  rice-fields  and 
irrigation  channels,  in  ditches  beside  road  and  railway 
embankments,  in  puddles  and  borrow-pits  during  the  rainy 
season,  sometimes — though  not  commonly — in  clear  streams 
with  a  swift  current  (Stanton),  or  at  the  other  extreme,  in 
liquid  mud  (Bousfield). 

All  species  are  not  found  indifferently  in  any  such  kind 
of  water,  but  each  species  has  preferences  for  water  satisfying 
certain  physical,  biological,  and  perhaps  (as  Malcolm  Watson 
suggests)  chemical  conditions,  so  that  to  deal  with  each 
species  may  be  a  separate  problem,  and  one  that  should  not 
be  tackled  until  it  is  known  for  certain  that  the  species  is 
abundant,  habitually  attacks  man,  and  is  a  natural  carrier  of 
malaria.  But  briefly  and  generally  it  may  be  said  that 
when  a  species  is  known  to  be  dangerous  the  approved 
means  of  dealing  with  it  are  [a)  drainage  of  the  breeding 
waters,  or  (b)  total  destruction  of  the  larvae  by  poison,  and 
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(Y)  eradication  of  bush  from  the  neighbourhood  of  all  breeding- 
waters  and  of  jungle  from  possible  breeding-haunts. 

(V)  Drainage  comprehends  not  only  persistent  removal 
of  aquatic  vegetation,  constant  clearing  and  cleaning  of  all 
natural  and  artificial  channels  that  may  exist,  and  surface 
works  of  every  degree  of  magnitude  for  the  carrying  off  and 
obliteration  of  open  waters,  but  also,  under  certain  conditions, 
the  catching  and  leading  off  of  subsoil  and  subterranean 
water.  In  practice  drainage  may  demand  such  a  variety 
of  things  as  local  study  of  topography,  hydrography,  geology, 
and  meteorology ;  general  surface  levelling ;  filling  in  of 
particular  ponds,  marshes,  etc.,  or  carrying  off  their  waters 
by  cuts  and  capacious  drains ;  training  and  canalising  of 
meandering  and  stagnating  streams ;  embankment  and 
other  works  for  keeping  out  tides,  for  preventing  silting, 
or  for  reclaiming  and  vitalising  swamp  ;  control  of  irrigation 
channels  and  restriction  of  wet  cultivation  ;  attention  to 
culverts  and  ditches  and  drains  alongside  road  and  railroad 
embankments ;  choosing  and  laying  of  pipes  for  subsoil 
drainage ;  in  short,  it  may  demand  the  co-operation  of  the 
sanitary  engineer. 

(ff)  Destruction  of  larvae  is  the  resort  when  drainage 
cannot  at  once  be  attained  or  cannot  be  attempted.  The 
commonest  method  is  to  keep  the  surface  of  the  infested 
water  covered  with  a  film  of  petroleum.  When  the  refined 
oil  is  used  in  any  form,  pure  or  mixed,  it  can  be  sprayed  on 
the  water  at  brief  periods  with  a  knapsack  sprayer  like  that 
used  in  agricultural  work.  When,  as  in  extensive  operations, 
crude  oil  is  used,  it  is  made  to  drip  slowly  and  continuously 
from  barrels,  which  must  be  staged  some  feet  above  the 
level  of  the  water,  so  that  each  drop  is  pulverised  on  striking 
the  surface ;  or  swabs  of  cotton-waste  or  bags  of  sawdust 
soaked  in  the  oil  may  be  moored  under  water  at  intervals 
where  there  is  a  current. 

Of  other  larvicides  the  best  known  is  the  Panama 
mixture  made  by  boiling  together  crude  carbolic  acid 
150  gallons,  powdered  rosin  200  lb.,  and  caustic  soda  30  lb., 
the  last  ingredient  being  dissolved  in  6  gallons  of  water.  In 
use  it  is  diluted  with  five  times  its  volume  of  water  and  then 
sprayed,  or  the  dilution  may  be  mixed  with  crude  oil.  It  is 
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said  to  deteriorate  if  kept  exposed  and  to  be  not  effective 
in  salt  and  brackish  water.  For  boggy  ground,  where 
larvae  flourish  in  the  water  that  oozes  into  hoof-prints  and 
ruts,  sawdust  soaked  in  petroleum  is  said  to  be  a  good 
dressing. 

Of  course  there  are  vast  delta  tracts,  under  rice  cultiva¬ 
tion,  that  cannot  be  drained  or  oiled.  But  apart  from  such 
exceptional  places  it  is  now  generally  realised — thanks  to 
the  grand  demonstration  given  to  the  world  by  Surgeon- 
General  Gorgas  and  his  staff  in  Panama— that  mosquitoes 
and  the  ills  that  they  bring  can  be  suppressed  by  making 
life  impossible  for  their  larvae. 

(V)  Clearing  of  jungle  in  order  to  make  a  place  unsuitable 
for  broody  mosquitoes,  though  usually  imperative,  may,  in 
rare  circumstances,  as  Strickland  and  Malcolm  Watson 
have  urged,  be  disastrous,  since  one  of  the  most  dangerous 
malaria-carriers  of  the  Malay  Peninsula  is  actually  attracted 
to  waters  that  have  been  thus  opened  up  by  removal 
of  forest. 

For  a  detailed  and  properly  illustrated  account,  in  handy 
compass,  of  dealing  with  mosquito  larvae  and  the  waters  that 
foster  them,  the  medical  officer  should  read  Mosquito  Control 
in  Panama, ,  by  J.  A.  Le  Prince  and  A.  J.  Orenstein,  published 
by  G.  P.  Putnam’s  Sons,  price  ios.  6d. ;  and  Rural  Sanitation 
in  the  Tropics ,  by  Malcolm  Watson,  published  by  John 
Murray,  price  12s.  6d. 

Natural  Enemies  of  Mosquito  Larvcz. 

The  following  is  a  list  of  some  of  the  common  natural 
enemies  of  mosquito  larvae.  In  Barbados  the  small 
Cyprinodont  fishes  known  as  “Millions”  are  popularly 
supposed  to  have  exterminated  Anopheles  mosquitoes;  and 
many  years  ago  I  noticed,  when  visiting  the  Laccadive 
Islands,  that  in  Minnikoy,  where  there  were  no  fishes  in  the 
wells  and  tanks,  mosquitoes  were  a  terrible  pest,  whereas 
no  mosquitoes  were  noticed  in  Aucutta,  where  small  barbels 
and  perches  swarmed  in  every  tank  and  well  (A  Naturalist 
in  Indian  Seas ,  p.  201).  But  although  natural  enemies 
have  their  application  in  these  and  similar  circumstances 
they  are  a  minor  consideration  of  rural  sanitary  policy. 
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(a)  Fishes,  particularly  those  that  frequent  the  surface, 
and  especially  Cyprinodontidce ,  which  are  found  all  round 
the  globe  in  low  latitudes  and  can  live  in  water  of  any 
quality  and  temperature. 

(b)  Larvae  of  the  “  Demoiselle  ”  dragon-flies  (. Agrionidce , 
Fig.  164)  which  are  very  voracious  and  very  active,  and  are 
to  be  found  in  great  abundance  in  stagnant  waters  in 
the  tropics. 

(Y)  Larvae  of  Mayflies  ( Ephemerida,  Fig.  163)  which 
are  abundant  and  ubiquitous. 

(d)  Beetles  and  Beetle-larvae  of  the  aquatic  families 
DytiscidcE  (Fig.  133),  Gy  r  ini  dee  (Fig.  134),  and  Hydrophilidce , 
all  of  which  are  common  and  are  widely  distributed. 

( e )  Larvae  of  some  of  the  Chironomid  midges;  also 
certain  predaceous  Culicid  larvae,  such  as  Chaoborus 
(Fig.  20),  Mochlonyx  (Fig.  21),  Megarhinus  (Fig.  18),  and 
others. 

(/)  Water-bugs  (p.  238)  of  the  families  Nepidce  or  Water- 
Scorpions,  Notonectidce  and  Corixidce  or  Boatmen-bugs,  and 
Belostomatidce  or  Giant  Water-bugs.  All  these  are  found 
everywhere  in  ponds,  ditches,  and  sluggish  streams. 

(g)  Larvae  of  Caddis-flies  ( Trichoptera ,  p.  297)  are  of 
ubiquitous  occurrence  in  all  natural  fresh-waters,  and 
some  of  them  are  rapacious. 

( h )  Larvae  of  Stone-flies  (Plecoptera,  Fig.  162)  in  quick¬ 
flowing  streams. 

(i)  Larvae  of  Sialidce  (Fig.  165)  in  temperate  latitudes. 

(k)  Amphipod  Crustaceans  of  the  genus  Gammarus 

(Fig.  197)  are  common  everywhere  in  all  kinds  of  water. 

(/)  Miscellaneous  foes ;  aquatic  birds ;  the  fresh-water 
polyp  Hydra ,  according  to  Annandale ;  Dolichopodid  flies 
(Fig.  57)  and  Anthomyid  flies  of  the  widely-distributed 
genus  Lispa  (Fig.  86),  according  to  J.  M.  Atkinson  of 
Hongkong ;  Water  Mites  (p.  303). 

( m )  The  Duckweed  ( Lemna )  is  said  to  choke  mosquito 
larvae  when  it  forms  a  continuous  scum  on  the  surface ;  and 
the  Bladderwort  (U tricularia)  is  said  to  entrap  them. 

In  dealing  with  adult  mosquitoes  it  must  be  remembered 
that  these  insects,  and  particularly  the  species  of  Anopheles \ 
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do  not  as  a  rule  like  sun  and  wind,  so  that  everything  that 
shelters  them — creepers,  thickets,  brushwood,  even  tussocks 
of  grass  should  be  cleared  from  the  precincts  of  dwellings. 
On  the  other  hand  they  have  a  predilection  for  dark 
corners,  darkened  bathrooms,  and  damp  cellars,  and  for 
sheds,  outhouses,  stables,  etc.,  and  all  such  places  should  be 
inspected  regularly  and  systematically,  and  when  necessary 
fumigated,  sprayed,  or  washed  or  painted  with  some 
persistent  insecticide.  Wells,  etc.,  should  be  kept  covered. 

Verandahs,  doors,  windows,  openings  of  flues  and  ventila¬ 
tion  shafts,  etc.,  can  be  screened  with  fine  wire  gauze.  The 
screens  should  open  outwards  and  should  be  kept  in  perfect 
repair.  Mosquito-nets  are  supposed  to  be  a  luxury  •  but  in 
the  island  of  Minnikoy,  where  the  population  scrapes  an 
exiguous  living  from  the  coconut,  everybody  (when  I  was 
there  in  1891)  used  them. 

Mosquito  traps  are  useful.  A  box  painted  black  inside 
and  having  a  small  opening  for  entrance  has  been  suggested 
by  Nuttall  and  Shipley,  and  is  recommended  by  Lefroy. 
In  Panama  Le  Prince  used  with  great  success  a  trap  affixed 
to  a  window-screen  in  such  a  way  as  to  catch  insects 
attempting  to  enter  the  house,  the  trap  being  a  labyrinth 
of  wire  gauze  on  the  balloon-trap  or  fish-trap  principle, 
with  its  opening  directed  outwards  ;  he  observed  that  most 
Anopheles  were  caught  when  the  trap  was  used  on  the  lee  side 
of  buildings,  and  most  Culicines  on  the  windward  side.  A 
dark  garment  hung  in  a  dark  corner  is  a  makeshift  trap. 

The  daily  destruction  by  hand  of  all  Anopheles  mosquitoes 
found  in  dwellings  is  an  orthodox  procedure  established  by 

the  experience  of  Panama.  Here  the  Indian  makkhi-mar 
comes  in. 

Mosquitoes  can  be  repelled  from  the  person  by  suitable 
lotions—^.,  emulsion  of  paraffin,  or  a  solution  of  some 
aromatic  oil  (bergamot,  lemon,  clove,  anise,  peppermint, 
lavender,  eucalyptus,  turpentine)  in  spirit  and  water,  with 
the  addition  of  a  little  quinine  or  quassia. 


CHAPTER  VIII 


Classification  of  Mosquitoes.  Groups  of  Minor 
Importance — Corethrinse,  Sabethini,  Megalorhini 

The  Culicidce  are  grouped  in  two  subfamilies:  (i)  Corethrince , 
with  proboscis  short  and  soft,  and  veins  of  wings  usually 
hairy ;  and  (2)  Culicince ,  with  veins  of  wings  scaly,  a  long 
slender  proboscis,  and  mouth-organs  usually  formed  in  the 
female  for  piercing. 

Some  authors  with  excellent  reason  include  the  Dixidce  (p.  137)  with 
the  Culicidcz  as  a  third  subfamily — Dixince. 

Subfamily  I. — CORETHRINyE  (Gr.  KoprjOpov,  cf.  Kopevpvpu  = 

to  glut). 

These  are  mostly  small  mosquitoes,  with  a  short  proboscis 
and  mouth-parts  not  suitable  for  piercing — their  family 
name  having  reference  to  the  predatory  habits  of  the  larvae. 
The  head  and  trunk  are  hairy,  as  also  in  most  of  the  species 
are  the  veins  of  the  wings.  Three  genera,  all  of  which  have 
a  wide  geographical  distribution,  may  be  mentioned  here. 

1.  CHAOBORUS  (yao?  =  infinite;  flopo?  =  glutton),  com¬ 
monly,  but  incorrectly,  known  as  Corethra.  The  larva 
(Fig.  20)  is  of  interest  by  reason  of  its  predatory  habits ;  it 
may  be  found  in  ponds,  along  with  Anopheles  larvae,  resting 
horizontally  at  the  surface,  but  almost  invisible  in  its 
extreme  transparency  (“  Phantom  larva  ”).  The  head  is 
produced  anteriorly  as  a  sort  of  snout,  at  the  end  of  which 
are  the  antennae,  directed  downwards,  and  ending  each  in 
a  tuft  of  raptorial  bristles.  The  mandibles  are  armed  with 
formidable  teeth.  The  bristles  of  the  sternum  of  the  9th 
abdominal  segment  are  numerous,  finely  feathered,  and  form 
a  fin  of  unusual  elegance.  There  is  no  breathing-tube 
nor  any  apparent  breathing  opening,  but  in  some  species 
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a  dorsal  papilla  on  the  8th  abdominal  segment  seems 
to  foreshadow  the  spiracle  of  Culicines.  On  the  dorsal 
surface  of  the  body  there  are  two  pairs  of  prominent 
pigmented  expansions  of  the  main  tracheal  trunks,  an 


floats 

i 


anterior,  larger  pair  near  the  middle  of  the  thorax,  and 
probably  homologous  with  the  pupal  breathing  trumpets, 
and  a  smaller  pair  on  the  yth  abdominal  segment.  These 
expansions  serve  as  floats,  but  the  fact  that  they  are 
peculiarly  pigmented  suggests  other  functions  in  addition. 
The  pupa  has  remarkably  large  tail-fins  and  remarkably 
pointed  breathing  trumpets  with  contracted  openings. 

2.  Mochlonyx.  The  larva  (Fig.  21,  where  it  is  repre¬ 
sented  in  a  conventional  position,  with  the  head  in  dorsal 
view,  the  last  two  abdominal  segments  in  profile  and  the 
rest  of  the  body  dorso-lateral)  resembles  that  of  Culex  (a)  in 


the  general  shape  of  the  head,  (&)  in  the  possession  of  a 
breathing-tube,  and  (c)  in  being  pigmented  ;  but  it  also 
resembles  that  of  Chaoborus  in  having  (a)  raptorial  antennae, 
(b)  two  pairs  of  pigmented  floats  connected  with  the  main 
tracheae,  and  (F)  a  long  and  very  regular  caudal  fin  ;  further- 
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more,  it  has  four  clypeal  bristles  like  an  Anopheles  larva.  It 
is  predatory  and  extremely  voracious. 

3.  CORETHRELLA.  The  larva  is  singular  among  Culicidce 
in  having  all  three  segments  of  the  thorax  distinct  and 
independent,  as  in  Dixa.  Like  Chaohorus  and  Mochlonyx  it 
has  prehensile  antennae,  but  unlike  them  it  has  no  floats. 
In  other  respects  it  resembles  Culex.  The  adult,  though 
distinctly  Culicine  rather  than  Corethrine  in  having  the 
veins  of  the  wings  scaly,  resembles  Dixa  in  that  the  2nd  and 
3rd  longitudinal  veins  have  a  common  stem  of  origin  from 
the  1st  longitudinal. 

Subfamily  II. — CULICIN^S. 

The  proboscis  is  long  and  slender.  The  veins  of  the 
wings  are  scaled,  as  also  are  the  head  and — except  in  some 


Fig.  22. — Scales  of  Gulicidce. 

species  of  Anopheles — the  thorax  and  the  abdomen.  Among 
the  scales  of  the  head  are  usually  to  be  found — sometimes 
in  preponderance — erect  dart-shaped  or  Y-shaped  scales 
(Fig.  22,  ay  b}  c )  which  do  not  occur  elsewhere.  The  scales  of 
the  thorax  range  from  crescent  and  sickle-shaped  forms 
(e}f  g,  h)  to  broad  appressed  squames  (k,  /,  m) :  those  of  the 
abdomen  are  usually  overlapping  squames  {n). 

The  Culicinez  can  be  arranged  in  four  natural  groups 
which  are  differentiated  briefly  as  follows : — 

1.  Culicini.  Free  edge  of  scutellum  very  distinctly 
trilobate  ;  abdomen  completely  invested  by  close  overlapping 
scales ;  proboscis  normal. 
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2.  Anophelini.  Free  edge  of  scutellum  simply  convex  ; 
abdomen  often  scaleless,  if  scaled  never  densely  and  uni¬ 
formly  invested  with  broad  overlapping  scales  *  proboscis 
normal. 

3.  Megalorhini.  Proboscis  finely  tapering,  bent  down¬ 
wards  like  a  hook.  Free  edge  of  scutellum  indistinctly 
trilobate ;  abdomen  completely  invested  with  scales. 

4.  SABETHINI.  Metanotum  with  a  wisp  of  bristles 
posteriorly;  proboscis,  scutellum,  and  abdomen  as  in  Culicini. 

The  Sabethim  and  Megalorhini  as  having,  like  the  Core- 
thrincz ,  little  practical  interest  for  the  medical  officer  may  be 
considered  very  briefly  in  this  chapter. 

Section  1.  Sabetiiini. 

The  characteristic  features  of  these  mosquitoes  in  all 
three  stages  of  existence — larva,  pupa,  and  adult— and  also 
their  habitat,  are  so  distinctive  that  Messrs  Howard,  Dyar, 
and  Knab  distinguish  them  as  a  separate  Tribe  co-ordinate 
with  all  the  rest  of  the  Culicince  combined. 

They  are  jungle  mosquitoes,  commonly  of  a  metallic 
lustre,  almost  exclusively  tropical,  and  predominantly  Neo¬ 
tropical.  The  scales  of  all  parts  of  the  body  are  usually  flat 
(squamous),  though  there  may  be  some  darts  on  the  nape. 
The  metanotum  carries  an  insignificant  wisp  of  bristles 
posteriorly,  and  sometimes  also  a  few  scales.  Messrs  Dyar 
and  Knab  emphasise  the  presence  of  a  pair  of  very  large 
procumbent  bristles  projecting  from  the  crown  of  the  head, 
and  the  absence  of  bristles  from  the  field  of  the  scutum! 
The  antennae  are  frequently  similar  in  the  two  sexes,  and  the 
palpi  are  short  in  the  female  and  generally  in  the  male  also. 
The  Sabethines  are  said  to  carry  their  hind  legs  in  a  quite 
characteristic  attitude  uplifted  and  directed  forwards  towards 
the  head. 

The  larvae,  some  of  which  are  predaceous,  live  in  the  water 
that  collects  in  the  axils  and  bracts  of  leaves,  or  is  secreted 
by  pitchers  and  other  such  modified  parts  of  plants ;  they 
are  usually  rather  hairy,  and  have  smooth  and  rather  stumpy 
antennae,  and  though  on  the  9th  abdominal  segment  there 
are  some  long  dorsal  and  lateral  bristles  (much  as  in  Dixa 
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larvae)  it  is  pointed  out  by  Dyar  and  Knab  that  the  median 
ventral  brush  or  “  fin,”  so  characteristic  of  other  Culcid  larvae, 
is  absent ;  a  breathing-tube  is  present,  and  there  are  scales, 
usually  in  a  single  row,  on  the  sides  of  the  8th  abdominal 
segment.  The  pupae  are  characterised  by  the  conspicuous 
fan  of  bristles  at  the  postero-lateral  angles  of  the  8th  and  9th 
abdominal  segments,  by  the  small  tail-fins,  and  usually  by 
the  pale  yellow  colour. 

Section  2.  Megalorhini. 

Large,  finely  iridescent  jungle  mosquitoes  with  a  tapering 
proboscis  bent  downwards  like  a  hook  (Fig.  23);  the  scales 
on  all  parts  of  the  body  are  flat,  except  on  the  sides  of  the 


Fig.  23.— Head  of  Megarhinus.  (9) 


terminal  segments  of  the  abdomen  where  they  frequently 
project  to  form  a  stiff  bright-coloured  “tail-fringe.”  The  2nd 
and  4th  longitudinal  veins  bifurcate  quite  near  the  edge  of 
the  wing.  It  is  highly  improbable  that  these  insects  can  bite. 

The  larvae  are  found  usually  in  the  water  that  collects  in 
holes  in  trees,  bamboo-stumps,  and  such  places.  They  are 
carnivorous,  and  have  the  mouth-brushes  transformed  into 
prehensile  rakes  or  combs  (Fig.  18) ;  the  antennae  are  stumpy 
and  almost  bare,  the  tracheal  gills  are  vestigial,  and  there 
are  no  scales  on  the  sides  of  the  8th  abdominal  segment ; 
the  usual  breathing-tube  and  median  ventral  (caudal)  tuft 
are  present. 

:  JYThis  section  includes  a  single  genus  Megarhinus ,  the 
species  of  which  are  confined  to  the  tropical  zone. 


CHAPTER  IX 


The  Culicini 

Subfamily  CULICIN/E  ( continued ) 

Section  3.  CULICINI. 

MOSQUITOES  of  this  section  are  distinguished  from  Anophelini 
by  the  distinctly  trilobate  scutellum  and  the  close  and 
uniform  covering  of  scales  on  the  abdomen  ;  from  Megalorhini 
by  the  normally  straight  and  flexible  proboscis  ;  and  from 
S  abet  him  by  the  absence  of  a  tuft  of  hairs  posteriorly  on  the 
metanotum.  The  scales  of  head,  thorax,  and  wings  show 
specific  differences  of  form  ;  bristles  are  generally  present 
in  longitudinal  rows  among  the  scales  of  the  scutum  ;  in  the 
male  the  palpi  are  usually  long,  but  sometimes  are  extremely 
short ;  in  the  female  they  are  usually  short,  but  occasionally 
are  nearly  as  long  as  the  proboscis.  The  wings  usually  are 
not  spotted,  but  sometimes  they  are  speckled,  or  are  dappled 
(e.g.  Aedomyia ),  and  occasionally  they  are  spotted  like  those 
of  a  typical  A  nopheles  (e.g.  in  Culex  mnneticus). 

The  lai  vas  have  a  breathing-tube,  long  or  short,  lateral 
scales  on  the  8th  abdominal  segment,  and  a  median  ventral 
biush  on  the  9th  \  the  lateral  thoracic  and  abdominal  hairs 
though  sometimes  pilose  or  pinnate  are  hardly  ever  distinct 
feathers.  The  pupae  have  large  tail-fins  and  very  incon¬ 
spicuous  tufts  at  the  postero-lateral  angles  of  the  8th  and  9th 
abdominal  segments. 

The  Culicini  have  been  broken  in  pieces  like  a  potter’s 
vessel  into  a  multitude  of  “genera,”  manufactured  after  the 
method  of  Procrustes,  and  named  with  prodigal  usage  of  the 
ominous  adjective  \{s€vSi]s.  For  our  purpose  it  is  enough 
to  recognise  certain  common  or  remarkable  forms  in  addition 
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to  the  two  or  three  species  which  are  of  conspicuous  interest 
to  the  sanitarian  ;  these  may  be  grouped  as  follows  : — 

(a)  Culex  Group.  A  very  large  group  represented  in 
almost  all  parts  of  the  world.  In  the  females  the  palpi 
are  short,  the  tip  of  the  abdomen  is  truncate  with  the 
terminal  cerci  coarse  and  inconspicuous,  and  the  claws  are 
simple.  In  the  males  the  palpi  are  generally  long.  The 
colouring  is  usually  sombre,  The  eggs  are  usually  laid 
on  water,  in  “  rafts,”  and  hatch  quickly. 

(b)  Dinocerites  Group.  A  small  group,  restricted  to  the 
littoral  of  the  West  Indies  and  Central  America,  characterised 
by  antennae,  which  are  long,  slender,  and  pilose  in  both  sexes 
and  have  the  2nd  segment  of  relatively  enormous  length. 
They  frequent  and  they  breed  exclusively  in  the  depths  of 
crab-holes,  though  they  are  not  the  only  mosquitoes  that  have 
this  habit,  and  they  probably  do  not  annoy  man  at  all. 

(c)  Aedes  Group.  A  very  large  group,  represented  in  all 
parts  of  the  world.  In  the  females  the  palpi  are  short,  the 
abdomen  tapers  to  the  tip,  the  terminal  cerci  are  slender  and 
conspicuous,  and  usually  some  of  the  claws  bear  an  extra 
tooth.  In  the  males  the  palpi  are  generally  long,  though 
sometimes  very  short.  Many  of  the  species  are  dark  with 
vivid  white,  or  silvery,  or  golden-yellow  markings.  The  eggs 
are  laid  separately,  and  according  to  Dyar  and  Knab  it  is 
probable  that  they  are  generally  deposited  not  in  water 
but  in  places  where  water  is  liable  to  collect.  With  the 
exception  of  certain  species  of  “Stegomyia”  the  mosquitoes 
of  this  group  are  seldom  found  in  houses. 

(d)  UranotcBnia  Group.  A  small  group,  represented  in 
the  warmer  parts  of  the  world,  characterised  by  their  small 
size  and  by  the  smallness  of  the  “fork-cells”  (2nd  marginal 
and  2nd  posterior)  of  the  wings.  In  both  sexes  the  palpi  are 
short  and  the  claws  simple.  In  the  female  the  tip  of  the 
abdomen  is  truncate.  In  several  species  the  body  has 
beautiful  turquoise-blue  markings.  The  eggs  are  laid  in 
water,  in  “  rafts.”  The  larvae  in  repose  lie  horizontally  at 
the  surface,  somewhat  like  Anopheles  larvae. 

(e)  Tceniorhynchus  or  Mansonia  Group.  A  small  group 
represented  in  the  warmer  parts  of  the  Old  World,  and 
in  America.  The  species  are  commonly  yellow,  or  bright 
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brown,  or  brindled,  the  wings  are  generally  speckled,  and  the 
wing-scales  are  either  foliaceous,  or  broadly  expanded,  or 
spathulate.  The  larvae  of  some  species  attach  themselves 
to  the  rootlets  of  aquatic  plants,  from  which  they  obtain 
their  air. 


(a)  Culex  Group. 

Only  the  following  forms  will  be  considered : — 

Genus  Culex,  L. 

No  flat  scales  on  the  scutellum  or  on  the  crown  of  the 
head.  Wing  scales  usually  linear.  Claws  of  the  female 
simple.  Palpi  short  in  the  female,  usually  longer  than  the 
proboscis  in  the  male.  Abdomen  of  female  truncate  at  tip. 
The  general  colouring  is  usually  sombre,  and  the  wings 
though  sometimes  speckled,  or  even  spotted,  are  generally 
plain. 

The  eggs  are  laid  in  rafts.  The  larva  has  a  broad  head, 
with  long  antennae  narrowed  rather  abruptly  in  the  distal 
third  where  there  is  on  the  inner  side  a  very  conspicuous 
plume  of  hairs;  minute  maxillary  palps;  a  long  slender 
breathing-tube  with  several  hairs  or  wisps  of  hair  along 
the  ventral  surface ;  and  a  patch  of  numerous  fine  scales 
on  the  sides  of  the  8th  abdominal  segment. 

The  species  are  found  in  all  parts  of  the  world.  The 
most  noteworthy  species  from  a  pathological  and  sanitary 
point  of  view  is  Culex  fatigans ,  which  is  the  commonest 
house-haunting  species  of  the  tropics  and  one  of  the  most 
opportune  carriers  of  the  larva  of  Filaria  bancrofti ,  and 
is  also  said  to  transmit  the  noxa  of  dengue  fever. 

Culex  fatigans ,  Wiedemann. 

Very  similar  to  the  common  gnat,  Culex  pipiens ,  L.,  of 
northern  latitudes,  from  which  it  differs  chiefly  in  the  relatively 
greater  length  of  the  stem,  or  unbranched  part,  of  the  2nd 
longitudinal  vein. 

It  is  a  brown  mosquito  with  a  broad  whitish  or  yellowish 
cross-band  on  every  abdominal  tergum ;  the  abdominal 
sterna,  the  coxae,  and  the  base  of  the  femora  are  pale,  and 
except  for  a  pale  spot  at  the  tip  of  the  femur  (and  sometimes 
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also  at  the  tip  of  the  tibia)  the  legs  are  all  brown,  as  also  is 
the  proboscis. 

The  eggs  are  laid  in  rafts  of  200  to  300.  In  the  raft  they 
are  arranged  on  one  plane  in  rows,  floating  upright  with  the 
narrow  end  upwards.  The  individual  egg  is  elongate  pear- 
shaped,  and  is  closely  invested  by  a  filmy  membrane,  which 
at  the  broad  lower  end,  whence  the  larva  emerges,  forms 
a  prominent  rosette. 

The  larva  is  found  in  water  of  any  sort  in  and  near 
houses,  even  in  sewage ;  the  breathing-tube  is  about  five 
times  as  long  as  broad,  about  two  and  a  half  times  as  long 
as  the  narrow  pointed  tracheal  gills,  and  has  several  tufts  of 
hairs  along  the  posterior  border;  the  shaft  of  the  antenna 
is  sparsely  spinulous  in  its  proximal  moiety,  and  has  a  plume 
of  about  twenty  long  pinnate  hairs  on  the  inner  edge,  at 
the  point  where  it  becomes  contracted,  and  several  longish 
terminal  hairs ;  on  either  side  of  the  8th  abdominal  segment 
there  is  a  patch  of  about  forty  fine  scales. 

In  Calcutta  females  of  C.  fatigans  kept  under  natural 
(hot-season)  conditions  by  Miss  Nelly  Evans  were  observed 
to  live  for  about  five  weeks,  and  if  they  were  fed  periodically 
with  blood,  to  lay  a  batch  of  eggs  every  week.  They  were 
not  indiscriminate  in  taste,  but  had  a  decided  preference  for 
the  blood  of  man  and  house-sparrow. 

The  following  common  tropical  species  of  Culex  may  be  noticed 

C.  tipuliformis ,  Theobald.  Much  like  C.  fatigans  in  size  and  colouring, 
but  having  a  fine  white  stripe  along  the  inner  surface  of  femur  and 
tibia— most  conspicuous  in  the  middle  legs  :  on  the  tibia  the  stripe 
may  be  discontinuous.  Africa  and  India. 

C.  univittatus ,  d  heobald.  Like  C .  tipuliformis ,  but  the  pale 
abdominal  cross-bands  are  not  so  extensive,  and  there  may  be  a  few 
scales  on  the  7th  longitudinal  vein.  Africa. 

C.  decern ,  Theobald.  Resembles  a  small  C.  fatigans,  but  the  abdominal 
cross-bands  are  narrower  and  whiter,  and  the  costal  and  1st  longitudinal 
veins,  compared  with  the  others,  are  peculiarly  black  and  distinct.  Africa. 

C.  tigripes ,  Grandpre  and  Charmoy.  A  very  large  brown  species, 
with  the  inner  surface  of  femur  and  tibia  closely  and  regularly  spotted 
with  white.  Breeds  in  water  about  houses,  and  the  larva  is  predaceous. 
Common  in  Africa  ;  said  to  occur  in  Southern  Asia  and  Australia. 

C.  concolor ,  Robineau-Desvoidy.  Like  C.  tigripes ,  except  that  the 
1st  “fork-cell”  (2nd  marginal)  is  about  the  same  length  as,  or  is  even 
shorter  than,  the  2nd  (2nd  posterior).  A  common  Oriental  species. 
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C.  gelidus,  Theobald.  The  anterior  two-thirds  of  the  scutum 'are 
frosted  with  greyish-white  scales  in  sharp  contrast  with  the  dark 
posterior  third.  Proboscis  and  tarsi  banded.  A  common  Oriental 
species. 

C.  quasigelidus ,  Theobald.  Scutum  anteriorly  grizzled  or  frosted 
and  proboscis  and  tarsi  banded  as  in  C.  gelidus ,  but  marked  as  to  femur 
and  tibia  much  like  C.  tigriftes.  Africa. 

C.  duttoni ,  Theobald.  A  very  broad  yellow  band  on  proboscis  ; 
tarsi  banded  ;  a  fine  white  stripe  along  inner  surface  of  tibia — most 
distinct  in  the  middle  legs.  Africa. 

C.  t) talassius ,  Theobald.  An  almost  black  species,  with  very  narrow 
white  abdominal  cross-bands,  a  pale  band  on  proboscis,  and  pale  tips 
to  the  tarsal  segments.  Like  a  good  many  species  of  Culex,  can  breed 
in  salt  water.  Africa. 

C.  vishnui ,  Theobald.  Superficially  not  unlike  a  small  C.  fatigans, 
but  has  a  pale  band  on  the  proboscis,  and  pale  tip  to  most  of  the  tarsal 
segments.  A  common  Oriental  species. 

C.  sitiens ,  Wiedemann.  Has  a  banded  proboscis  and  pale-tipped 
tarsal  segments  like  the  preceding,  but  is  very  dark  in  colour  and  has 
broad  abdominal  cross- bands.  Can  breed  in  salt  water.  Africa, 
Southern  Asia,  Australia. 

C.  bitceniorhynchus ,  Giles  (  =  C.  ager,  Giles).  A  small  dark  species 
with  band  on  proboscis,  and  very  distinctly  banded  tarsi.  Femur  and 
tibia  finely  and  copiously  speckled  with  white.  Wing-scales  black  and 
white,  some  of  them  almost  as  broad  as  those  of  a  Mansonia.  Oriental  ; 
also  found  in  Africa. 

C.  mimeticus ,  Noe.  Has  the  wings  spotted  much  like  an  A7iopheles. 
Superficially  it  has  a  considerable  resemblance  to  Anopheles  culicifacies, 
from  which  it  can  be  distinguished  by  the  conspicuously  banded  tarsi, 
the  scaly  cross-banded  abdomen,  and  the  short  female  palpi.  Not 
uncommon  in  the  Oriental  region  ;  also  found  in  Southern  Europe. 

C.  bigoti ,  Bellardi.  Wings  spotted  much  like  an  Anopheles  of  the 
Nyssorhynchus  group  ;  empodia  broad  and  setose.  The  larvae  are 
predaceous.  South  America. 

Culicomyia,  Theobald. 

Under  this  name  several  dark  or  dull-coloured  African  and  Oriental 
species  of  Culex  have  been  separated.  They  differ  from  typical  Culex 
only  in  having  a  broader  head  with  a  few  squames  on  the  crown — these 
usually  forming  a  single  row  round  the  eyes. 

Culex  ( Culicomyia )  nebulosus ,  Theobald.  Almost  uniform,  smoky 
brown,  with  an  edge  of  white  squames  round  the  eyes.  A  common 
African  species. 

Genus  CULISETA,  Felt  (=  Theobaldia ,  Neveu-Lemaire). 

This  collective  name  is  applied  to  half  a  dozen  species  of  large 
insects  that  differ  from  the  typical  Culex  in  having  the  male  palpi  never 
tapering,  and  often  spathulate  like  those  of  a  male  Anopheles ,  and  the 
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wings  often  spotted  like  those  of  Anopheles  maculipennis ,  and  with  the 
cross-veins  almost  in  line.  The  larvce  are  like  Culex  but  much  larger. 

Culiseta  annulata ,  Schrank,  is  a  common  Pakearctic  species  which 
also  occurs  in  Northern  India.  Superficially  it  resembles  Anopheles 
maculipennis ,  from  which  it  can  at  once  be  distinguished  by  the  trilobate 
scutellum,  the  scaly  cross-banded  abdomen,  and  the  speckled  and 
broadly  banded  legs.  It  invades  houses,  and  bites  shrewdly,  and  its 
larvae  may  be  found  in  water-butts. 

Culiseta  spathipalpis  is  a  species  found  in  Southern  Europe  and  in 
Africa  ;  its  legs  are  more  profusely  speckled  than  those  of  annulata , 
and  its  thorax  is  marked  with  a  white  device  recalling  somewhat  the 
u  lyre  ”  of  Stegomyia  fasciata. 

(jb)  Dinocerites  Group. 

Genus  Dinocerites,  Theobald. 

No  flat  scales  on  scutellum  or  on  crown  of  head.  Wing- 
scales  linear.  Claws  of  female  simple.  Colouring  sombre. 
Antennae  very  long  and  slender,  similar  in  the  two  sexes, 
the  2nd  segment  of  relatively  enormous  length.  Palpi 
short  in  both  sexes.  Larva  with  a  long  breathing-tube 
and  rudimentary  tracheal  gills.  Several  species  have  been 
descrioed,  from  crab-holes  in  the  littoral  of  the  West  Indies 
and  Central  America ;  they  breed  exclusively  in  crab-holes, 
but  are  not  the  only  Culicines  that  may  do  so. 

( c )  Aedes  Group. 

In  this  extensive  group,  the  females  of  which  are  recog¬ 
nised  by  their  abdomen  tapering  to  a  point  and  ending 
in  a  pair  of  slender  exserted  cerci,  only  the  following  species 
will  be  considered  : — 

Genus  Stegomyia  (Gr.  o-reyos  =  house ;  /xiTa  =  fly). 

For  the  most  part  black  or  dark  brown  insects  with  a 
profusion  of  snow-white  (sometimes  silvery  or  bright  yellow) 
markings  on  the  body  and  appendages.  The  scales  of 
the  head  and  scutellum  are  entirely  flat  overlapping  squames, 
except  that  the  head  has  also  some  darts  posteriorly.  Palpi 
1  long  in  the  male,  short  in  the  female.  The  claws  of  the 
female  usually  have  an  extra  tooth.  The  eggs  are  not 
compacted  in  a  raft,  and  are  usually  very  dark  in  colour. 

In  the  larvae  the  head  is  nearly  as  long  as  broad ;  the 
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antenna  is  short,  hardly  tapering,  and  almost  bare ;  the 
maxillary  palp  is  nearly  as  long  as  the  maxilla;  the 
breathing-tube  is  short  and  broad  ;  the  tracheal  gills  are 
very  large  ;  and  there  is  a  single  row  of  spiniform  scales 
on  either  side  of  the  8th  abdominal  segment. 

The  species  are  found  in  all  the  warmer  parts  of  the 
world :  most  of  them  are  sylvan  in  habit,  but  some  are 
distinctively  “domestic”  insects  and  have  an  established 
notoriety  as  carriers  of  disease,  the  most  notorious  being 
the  yellow-fever  mosquito,  Stegomyia  fasciata  or  Stegomyia 
calopus ,  which  also  is  a  suitable  host  for  Filana  bancrofti ,  and 
can  transmit  the  virus  of  dengue  fever. 

Messrs  Howard,  Dyar,  and  Knab,  who  do  not  recognise 
Stegomyia  as  a  genus  distinct  from  Aedes ,  refer  to  this 


Fig.  24. — Stegomyia  fasciata,  female. 


species  as  Aedes  calopus ;  but  the  name  “  Stegomyia 
fasciata  ”  is  now  so  well  established  for  the  yellow-fever 
mosquito  that  it  cannot  well  be  ignored  by  the  medical 
profession. 

Stegomyia  fasciata ,  Fabr.  (Fig.  24). 

Adult  female. — Head  black,  outlined  above  in  white  and 
with  a  median  white  stripe  ;  palpi  short,  black  tipped  with 
white,  or  almost  entirely  white.  Scutum  black  or  brown, 
bearing  a  large  lyre-shaped  device,  the  broad  limbs  of 
the  lyre  white,  the  two  narrow  strings  yellowish.  Scutellum 
entirely  white.  Abdomen  black  or  brown  with  white  bands 
across  the  terga,  and  white  lateral  patches.  Femora  with 
narrow  white  stripe  and  white  tip,  most  conspicuous  in  the 
hind  legs ;  tibiae  black ;  tarsus  of  front  and  middle  legs 
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with  two  white  bands,  tarsus  of  hind  legs  with  five  white 
bands,  the  last  of  which  includes  the  whole  of  the  terminal 
segment. 

Adult  male. — Like  the  female  ;  but  the  palpi,  which  are 
about  the  same  length  as  the  proboscis,  have  four,  or  three, 
white  bands. 

Geographical  Distribution. — It  has  been  reported  from 
nearly  every  well-populated  part  of  the  world  between 
about  40°  N.  and  about  40°  S.,  and  has  been  observed  at 
an  elevation  of  nearly  3000  feet.  The  common  opinion  is 
that  its  original  home  was  Tropical  America,  and  there  is 
little  doubt  that  its  present  wide  range  all  round  the  globe 
is  due  to  the  facility  with  which  it  is  transported  by  human 
agency ;  for  not  only  is  the  adult  insect  addicted  to  taking 
refuge  in  vehicles  and  ships,  but  the  eggs  also,  which  need 
not  be  actually  deposited  in  water,  are  extremely  resistant, 
and  can  retain  their  vitality  in  the  desiccated  state  for 
at  least  six  months.  Though  the  insect’s  range  on  either 
side  of  the  equator  is  so  wide,  it  is  fairly  certain  that 
it  cannot  become  permanently  established  in  any  place  where 
any  frost  is  of  normal  occurrence. 

Stegomyia  fas  data  raised  from  imported  eggs  lives  well 
in  captivity,  in  London,  and  breeds  freely  during  the 
summer  and  autumn;  but  though  adults  may  live  into 
December  and  larvae  may  live  into  October,  without  artificial 
warmth,  October  eggs  kept  through  the  winter  in  a  cold  dry 
room  have  not  hatched  when  placed  in  water  in  the  following- 
May.  S 

Habits. — It  is  peculiarly  a  house-haunting  species,  and 
is  particularly  active  by  day.  It  breeds  in  and  about 
human  dwellings,  in  cisterns,  water-butts,  troughs,  water- 
pots,  and  other  domestic  utensils,  and,  indeed,  in  anything 
that  will  hold  a  few  drops  of  water  —  such  as  broken 
bottles,  old  tins,  ant-guards,  sagging  roof-gutters,  etc.,  even 
in  the  holy  water  in  churches:  its  larvae  do  not  mind 
water  contaminated  with  excrement  or  other  decomposing 
animal  matter,  or  water  that  is  brackish. 

In  captivity  it  is  long-lived,  even  when  the  sexes  are 
kept  in  company,  and  if  they  are  appropriately  fed— the 
females  on  blood,  the  males  on  fruit,  sugar,  etc.  In  such 
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circumstances  both  males  and  females  may  live  for  more 
than  three  months,  and  there  is  one  instance  on  record 
of  a  female  being  kept  alive  for  154  days. 

Eggs  and  egg-laying. — Many  observers  have  noticed  with 
captive  insects  that  eggs  do  not  make  their  appearance 
unless  the  mother  has  obtained  a  full  meal  of  blood.  The 
eggs  are  not  deposited  in  one  batch  or  in  coherent  masses : 
they  may  be  laid  on  water,  or  near  the  edge  of  water.  The 
individual  egg  is  almost  black  and  decidedly  oval.  It 
is  well  known  that  the  eggs,  if  kept  dry,  retain  their  vitality 
for  many  months,  and  it  has  even  been  supposed  that  eggs 
laid  at  the  end  of  the  rainy  season  of  one  year  may  lie 


Fig.  25.— Terminal  Segments  of  Larva  of  Stegomyia  fasciata. 

dormant  until  the  advent  of  the  rains  of  the  following  year. 
Development  must  have  advanced  considerably  in  such 
dried  eggs,  for  on  reaching  water  they  may  hatch  in  an 
hour. 

Larva. — The  larva  is  represented  in  Fig.  15.  It  has  a 
rather  stumpy  breathing-tube  and  very  large  tracheal 
gills.  The  antennal  shaft  is  bare,  except  for  a  single 
minute  hair  near  the  middle  of  the  inner  side,  and  three 
or  four  minute  terminal  hairs  hardly  longer  than  the 
inconspicuous  terminal  segment.  The  lateral  scales  of 
the  8th  abdominal  segment  are  from  eight  to  ten  in  number, 
in  a  single  row,  and  are  shaped  like  a  rude  arrow-head 
(Fig.  25)-  The  hairs  of  the  caudal  fin  are  bifid.  The 
duration  of  larval  life  varies  from  four  or  five  days,  if  food 
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be  sufficient  and  the  weather  warm,  to  as  much  as  forty-five 
days  in  cold  weather.  It  is  said  that  larvae  can  be  kept  alive 
for  several  days  on  moist  earth,  resuming  their  normal  tenor 
when  returned  to  water. 

The  pupal  stage  ordinarily  lasts  from  one  to  three  days, 
but  in  cold  weather  may  be  prolonged  to  at  least  a  fortnight : 
it  is  prolonged,  but  not  otherwise  adversely  affected  by 
complete  removal  from  water. 

The  following  are  some  of  the  commoner  species  that  look  more 
or  less  like  Stegornyia  fasciata  : — 

1.  A'edes  (“  Scutomyia”)  notoscriptus ,  Skuse.  Australian  and 
Oriental.  Has  a  white  band  across  the  middle  of  the  proboscis  and  a 
median  line  of  sickles  on  the  head.  Otherwise  just  like  S.  fasciata. 

2.  A'edes  (“ Hyleccetomyiay)  pseudotoeniatus,  Giles.  Oriental.  The 
“lyre55  has  very  fine  limbs  and  a  third  string  ;  the  5th  tarsal  segment  of 
the  hind  legs  is  black  ;  there  is  a  median  line  of  sickles  on  the  head, 
and  the  scales  of  the  scutellum  are  spindles  and  sickles  and  are  not 
snow  white. 

3.  A'edes  (“ Hylecoetomyia”)  trilineatus,  Giles.  Oriental.  The  lines  of 
the  “lyre55  are  all  extremely  fine;  the  abdominal  terga  are  white 
only  laterally;  the  last  two  segments  of  the  hind  legs  are  black  ;  scales 
and  scutellum  as  in  No.  2. 

4.  A  'edes  ( Ochlerotatus )  macfarlanei ,  Edwards.  Oriental.  The  lines 
of  the  “lyre55  are  all  extremely  fine  ;  the  white  abdominal  cross-bands 
are  narrow  ;  all  the  scales  of  the  scutellum  and  many  of  those  of  the 
head  are  sickles  ;  scutellum  not  white. 

5.  A'edes  ( Howardina )  walkeri ,  Theobald.  West  Indies.  Scutum 
with  a  broad  silvery  stripe  on  either  side  and  a  fine-cut  yellow  Y  in  the 
middle  line  between  two  fine  yellow  stripes  ;  no  white  bands  on  tarsus  of 
first  and  second  legs  ;  last  two  tarsal  segments  of  hind  legs  black  ;  some 
sickles  on  head  and  scutellum  which  is  not  white  ;  claws  of  female 
simple. 

6.  A'edes  (Howardina)  aureostriatus ,  Grabham.  West  Indies. 
Scutum  with  six  fine  yellow  stripes,  the  two  middle  ones  uniting 
posteriorly  so  as  to  form  a  Y,  the  two  extreme  lateral  ones  short  ;  no 
white  bands  on  tarsus  of  first  and  second  legs  ;  last  three  tarsal  segments 
of  hind  legs  black  ;  some  sickles  on  head  and  scutellum  which  is  not 
white  ;  claws  of  female  simple. 

Stegornyia  scutellaris ,  Walker.  A  common  species  of  the 
Oriental  region  and  also  extending  its  range  eastwards  and 
westwards.  In  habits,  mode  of  life,  and  breeding-places  like 
S.  fasciata,  from  which  it  differs  only  in  the  marking  of  the 
scutum,  which  consists  of  a  single  broad  median  white  stripe. 
The  larva  differs  from  that  of  S.  fasciata  merely  in  the  form 
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and  number  of  the  lateral  scales  of  the  8th  abdominal 
segment,  these  being  claw-shaped  and  seven  or  eight  in 
number.  This  species  is  said  to  be  a  suitable  host  for  the 
larva  of  Filaria  bancrofti. 

Stegomyia  pseudoscutellaris ,  Theobald.  Common  in  Fiji. 
Similar  in  habits,  etc.,  to  S.fasciata.  Differs  from  5.  scutel- 
laris  only  in  having  three  parallel  white  stripes  on  the  pleura 
of  the  mesothorax  and  the  white  abdominal  cross-bands 
incomplete.  The  larva  is  indistinguishable  from  that  of 
N.  scutellaris.  This  species  is  said  to  be  a  suitable  host  for 
Filaria  bancrofti. 

Stegomyia  sugens ,  Wiedemann.  A  common  species  in 
Tropical  Africa,  extending  also  to  the  Oriental  region. 
Distinguished  from  S.  fasciata  (a)  by  the  markings  of  the 
scutum,  which  consist  of  six  small  white  spots,  and  (b)  by  the 
presence  of  white  bands  near  the  far  end  of  the  femora  and 
tibiae,  in  addition  to  the  bands  of  the  tarsal  segments.  The 
larva  differs  from  that  of  S.fasciata  in  the  following  points: 
there  are  two  median  hairs  on  the  inner  aspect  of  the  shaft 
of  the  antenna,  and  five  to  eight  irregular  spiniform  or 
forked  scales  on  the  sides  of  the  8th  abdominal  segment,  and 
the  bristles  of  the  median  caudal  fin  are  quadrifid  or  multifid. 

Aedes  punctithorax ,  Theobald,  is  a  common  species  of  Tropical 
Africa,  which  resembles  5.  sugens  in  the  markings  of  the  scutum  and 
the  snow-white  scutellum  ;  but  except  for  a  white  tip  to  the  femora  and 
tibiae  the  legs  are  all  black,  and  there  are  some  sickles  on  the  crown  of 
the  head. 

The  generic  name  Arrnigeres  ( =  Desvoidya\  Theobald,  has  been 
given  to  a  group  of  chiefly  Oriental  species  which  resemble  Stegomyia 
in  all  particulars,  except  that  they  are  much  larger  insects  and  have  no 
bright  markings  on  the  thorax  and  no  bright  bands  on  the  abdomen 
and  legs  ;  the  claspers  of  the  male  have  a  lateral  comb  of  spines  The 
female  is  said  to  be  a  ravenous  biter. 

The  generic  name  Leicesteria ,  Theobald,  has  been  applied  to  another 
group  of  Oriental  species  which  resemble  those  of  the  “  Arrnigeres  ” 
group  except  that  the  head  is  smaller  and  more  retracted  beneath  the 
thorax,  the  palpi  of  the  female  are  at  least  half  as  long  as  the  proboscis, 
and  the  claspers  of  the  male  are  spathulate  and  have  a  terminal  comb 
of  spines.  Strickland  in  the  Malay  Peninsula  discovered  a  female  of 
Leicesteria  flava  with  a  symmetrical  mass  of  eggs  attached  to  one  of  its 
hind  legs.  The  larvae  were  completely  developed  and  their  heads  were 
already  protruding  from  the  shell.  On  being  brought  near  water  the 
mosquito  immediately  immersed  its  burdened  leg,  and  the  larvae  went 
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free.  Strickland  considers  'that  this  is  a  specific  device  either  for 
securing  the  timely  disposal  of  the  offspring  in  certain  limited  and 
particularly  suitable  spots,  or  for  protecting  the  eggs  from  specific 
vicissitudes. 

In  a  natural  classification  both  these  groups  would  be  included  in 
Aedes  as  defined  by  Dyar  and  Knab. 

(d)  Uranotcenia  Group. 

Genus  URANOT^NIA,  Arribalzaga  (Gr.  ovpavos  —  heaven  ; 

raiv'ia  =  band). 

Small  mosquitoes  often  having  beautiful  sky-blue  mark- 
ings — which  fade  after  death — on  the  head,  thorax,  and 
abdomen.  The  predominant  scales  of  head  and  scutellum, 
and  sometimes  of  scutum  also,  are  flat  overlapping  squames. 
The  scales  of  the  wings  vary,  but  usually  those  on  some  of 
the  veins  are  broad  triangular  lamellae.  The  “fork  cells” 
(2nd  marginal  and  2nd  posterior)  are  particularly  small. 
The  proboscis  is  very  long  and  is  swollen  at  tip.  Palpi 
short  in  both  sexes.  The  claws  in  the  front  and  middle  legs 
are  of  unequal  size,  particularly  in  the  male.  The  species 
are  circumtropical. 

In  the  larva  the  head  is  as  long  as  broad  ;  the  antenna  is 
short,  hardly  tapering,  and  bare  ;  the  maxillary  palp  is  as 
long  as  or  longer  than  the  maxilla;  the  breathing-tube  is 
slender  but  rather  short;  the  lateral  scales  of  the  8th 
abdominal  segment  are  spiniform  and  form  a  single  row ; 
the  lateral  hairs  of  the  thorax  and  anterior  abdominal 
segments  are  arranged  in  elegant  fans,  and  those  of  the 
posterior  abdominal  segments  as  well  as  a  conspicuous 
double  series  on  the  dorsum  of  thorax  and  abdomen  in 
elegant  radiating  whorls,  which  probably  act  like  the 
“cockades”  of  Anopheles  larvae  in  sustaining  the  larva  in  a 
horizontal  position. 

The  species  are  sylvan  for  the  most  part,  but  U.  annulata 
in  West  Africa,  is  said  by  Dr  W.  B.  Johnson  to  enter  houses 
to  bite. 

Uranotcenia  anmdata ,  Theobald.  The  lower  half  of  the  thoracic 
pleura  is  pale  yellow,  sharply  contrasting  with  the  rich  brown  of  the 
upper  half  and  mesonotum  ;  in  the  hind  legs  the  first  three  tarsal 
segments  have  a  white  tip  and  the  last  two  segments  are  entirely  white. 
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(e)  Mansonia  or  Tceniorhynchus  Group. 

The  following  forms  in  this  group  may  be  noticed 

Genus  Mansonia,  Blanchard. 

Rich  brown  or  yellowish-brown  mosquitoes,  with  finely 
speckled  wings  and  broadly  triangular  or  obovate  lamelli- 
form  wing-scales,  and  commonly  with  brindled,  or  mottled, 
or  much-banded  legs.  The  scales  of  the  head  are  broadish 
sickles  and  darts  dorsally  and  loose  squames  laterally ;  those 
of  the  scutellum  are  broadish  sickles  with,  in  a  few  species, 
a  few  squames.  Abdomen  of  the  female  truncate,  the  8th 
abdominal  tergum  having  a  comb  of  dark-coloured  recurved 
spines.  Palpi  moderately  short  in  the  female,  about  as  long 
as  the  proboscis  in  the  male.  Claws  of  the  female  simple. 
The  number  of  spermathecae  is  sometimes  reduced  to  two ; 
when  three  are  present  one  of  them  is  abnormally  small. 
The  eggs  cohere  in  rafts.  Observers  both  in  America  and 
Africa  have  noticed  that  the  larva  has  the  remarkable  habit 
of  attaching  itself  to  the  submerged  rootlets  of  certain  water- 
plants,  from  which  it  obtains  oxygen,  and  for  this  purpose 
the  breathing-tube  is  sharpened  and  in  some  species  carries 
a  pair  of  prehensile  hooks.  It  has  a  broad  head,  long 
antennae  with  a  very  large  plume  on  the  inner  surface  and 
long  terminal  hairs,  long  maxillary  palpi,  and  the  lateral 
scales  of  the  8th  abdominal  segment  in  a  single  row.  The 
pupa  has  pointed  breathing  trumpets  adapted  like  the  larval 
breathing-tube  for  penetrating  the  submerged  rootlets  of 
water-plants. 

The  species  of  Mansonia  are  found  in  all  the  tropical 
and  subtropical  regions,  in  the  neighbourhood  of  big  rivers 
and  swamps.  They  are  biters,  and  at  least  two  of  them 
are  said  to  be  capable  of  transmitting  Filaria  bancrofti . 
According  to  Heckenroth  and  M.  Blanchard  Trypanosoma 
gambiense  can  be  transmitted  experimentally  by  Mansonia 
unifornus. 

The  following  species  may  be  noticed  : — 

Mansonia  uniformis ,  Theobald.  Rich  brown,  with 
irregular  white  lateral  patches  on  the  abdominal  segments ; 
tarsi  broadly  banded,  femora  and  tibiae  very  copiously 
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mottled  and  speckled  rather  than  sharply  and  distinctly 
banded.  Two  spermathecae.  Very  common  in  Ethiopian, 
Oriental,  and  Australian  regions. 

Mansonia  africana ,  Theobald.  Differs  from  the  preceding 
only  in  the  more  vivid  banding  of  the  tarsi,  in  the  more 
clearly  defined  banding  of  the  femora,  and  the  very  regular 
alternate  light  and  dark  banding  of  the  tibiae.  Tropical 
Africa. 

Mansonia  titillans ,  Walker.  Dark  brown  ;  some  white 
scales  postero-laterally  on  abdominal  terga ;  legs  smudgy 
brown  with  buff  bands  at  the  bases  of  the  tarsal  segments. 
Female  with  three  spermathecae,  one  much  reduced  in  size. 
Very  common  in  Tropical  South  America,  and  is  said  to 
come  into  houses  frequently. 

Mansonia  pseudotitillans ,  Theobald,  is  said  to  differ  from 
M.  titillans  in  being  larger  and  in  having  the  tarsal  bands 
more  distinct.  South  America. 

Genus  Aedeomyia,  Theobald. 

As  in  Mansonia  the  wing-scales  are  broadly  triangular  or 
subtriangular  plates,  diversely  coloured,  but  are  so  numerous 
and  close-set  as  almost  to  cover  the  whole  surface  of  the  wing. 
Head  covered  with  loose  upstanding  squames  and  broad 
darts,  scutum  with  elliptical  squames,  scutellum  with  broad 
squames.  Legs  brindled  and  banded;  a  conspicuous  ruff  of 
scales  on  the  “  knee  ”  in  the  middle  pair.  Palpi  short  in 
both  sexes.  In  the  female  the  individual  segments  of  the 
antennae  are  barely  twice  as  long  as  broad  and  mandibles 
are  absent ;  only  one  spermatheca  is  present  (as  in  Anopheles). 
The  larva  is  said  to  resemble  that  of  Mansonia  in  the  large 
maxillary  palps,  and  in  having  a  pair  of  antrorse  spines 
at  the  orifice  of  the  sharpened  breathing-tube,  and  is  also 
said  to  have  the  same  peculiar  habits  and  mode  of  obtaining 
oxygen  from  the  rootlets  of  aquatic  plants. 

One  species  Aedeomyia  squamipennis ,  Arribalzaga,  has  a 
very  wide  distribution  in  the  tropics ;  it  is  a  small  insect, 
of  an  elegantly  brindled  and  mottled  lichenous  colouring. 
It  sometimes  comes  into  houses. 

Finlay  A,  Theobald,  the  species  of  which  are  restricted  to  the  Malayo- 
Australian  region,  resembles  Aedeomyia  superficially,  but  the  male  palpi 
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are  longer  and  there  are  salient  tufts  of  scales  on  the  posterior  abdominal 
terga.  In  the  female  the  antennal  segments  are  slenderer  and  more 
elongate,  and  three  spermathecm  are  present. 

Genus  MUCIDUS,  Theobald  (Lat.  mucidus  —  mouldy.) 

In  this  genus  also  the  wing-scales  are  broad  platelets, 
broadly  obovate  in  form.  The  head  is  rough  with  loose-set 
squames,  darts,  and  huge  upstanding  sickles  having  sinuous 
petioles ;  these  last  also  occur  in  some  profusion  on  the 
scutum  and  scutellum  ;  the  abdomen  and  legs  are  shaggy 
with  long  outstanding  racquet-shaped  scales  in  addition  to 
the  usual  scaly  vesture ;  the  wings  are  profusely  speckled, 
and  their  fringe  is  spotted.  In  the  female  the  palpi  are  from 
half  to  three-fourths  the  length  of  the  proboscis,  the  antennal 
segments  are  slender,  the  claws  have  an  extra  tooth,  and 
three  spermathecae  are  present.  The  long  dishevelled  scales 
give  these  large  insects  a  mouldy  appearance,  which  has 
suggested  their  name.  The  species  belong  to  the  Ethiopian, 
Oriental,  and  Australian  Regions. 

Genus  TdSNIORHYNCHUS,  Arribalzaga 
(Gr.  Taivla  —  band  ;  puyyo?  =  beak). 

Usually  large  mosquitoes,  either  altogether  yellow  or  with 
a  good  deal  of  yellow  in  their  colouring.  Many  of  them  have 
a  band  on  the  proboscis,  and  broad  and  conspicuous  bands 
on  the  tarsi,  particularly  in  the  hind  legs ;  wing-scales 
elongate,  but  distinctly  broadened  distally  or  obliquely 
spathulate ;  claws  of  female  simple.  They  are  widely  dis¬ 
tributed  in  the  warmer  parts  of  the  world,  and  some  of  them 
bite  severely.  F.  W.  Edwards  has  recently  observed  that  the 
larva  of  Tceniorhynchus  richiardii  has  the  same  habits  and 
much  the  same  structure  as  that  of  Mansonia. 


CHAPTER  X 


The  Anophelini 

Subfamily  ClJLlCINrE  ( continued ) 

4.  Anophelini. 

Mosquitoes  of  this  section  are  distinguished  from  Culicini 
and  Sabethini  by  the  simple  curve  of  the  posterior  edge  of 
the  scutellum,  and  by  at  best  some  deficiency  in  the  scaly 
investment  of  the  abdomen,  and  from  Megalorhini  by  the 
straight  proboscis  and  entirely  different  scaling.  The  palpi 
are  always  long  in  both  sexes. 

The  Anophelines  are  of  predominant  interest  as  being,  so 
iar  as  is  known,  the  proprietary  hosts  of  the  parasites  of 
human  malaria  during  sporogony ;  not  all  Anophelines  are 
hospitable,  or  equally  hospitable  ;  probably  not  all  hospitable 
species  are  propitious  at  all  seasons  and  under  all  conditions ; 
probably  not  all  the  individuals  of  a  hospitable  species  are 
susceptible,  or  equally  susceptible  under  identical  conditions. 
There  is  still  a  wide  field  for  observation  and  experiment, 
which  every  medical  officer  who  has  time  and  opportunity 
may  investigate  with  advantage,  three  of  the  questions  much 
requiring  further  attention  being  (a)  the  exact  duration  of 
the  individual  infection  in  a  well-infected  mosquito,  and 
(b)  the  factors  which  may  influence  the  infectibility  of  a 
susceptible  species,  and  (c),  most  important  of  all,  what  species 
occur  “  naturally  infected.” 

To  examine  the  stomach,  the  fresh-killed  insect,  deprived  of  its  legs 
and  wings,  is  placed  on  a  slide  in  a  drop  of  saline  or  weak  albumen- 
water.  The  thorax  is  steadied  with  a  handled  needle,  and  with  another 
needle  the  penultimate  abdominal  ring  is  loosened.  By  steady  traction 
the  tip  of  the  abdomen  is  then  gradually  drawn  away,  bringing  with  it  the 
greater  part  of  the  alimentary  canal  and  organs  connected  with  it. 
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To  examine  the  salivary  glands,  the  insect  should  be  laid  on  ilsback 
in  the  liquid,  and  its  thorax  being  steadied  with  a  needle  steady  traction 
should  be  made  on  its  head  with  another  needle.  By  steady  pulling  the 
head  comes  off,  bringing  the  salivary  glands  with  it.  This  method  is 
always  successful  with  Anopheles ,  but  if  not  at  once  successful  with  a 
Culex ,  the  dome  of  the  thorax  may  be  cut  off  longitudinally  before  laying 
the  insect  on  its  back.  It  is  as  well  to  rub  off  as  many  scales  as  possible 
before  commencing  operations,  and  not  to  break  the  eyes,  as  loose  scales 
and  pigment  obscure  the  view. 

The  Anophelini  include  about  a  hundred  species,  and 
constitute  a  single  genus,  Anopheles. 

Genus  ANOPHELES,  Meigen  (Gr.  avoo<pe\fc  =  unprofitable, 

harmful). 

Head  only  moderately  broad,  usually  covered  with  darts, 
though  scales  of  other  kinds  may  also  be  present.  Maxillary 
palps  long  and  spathulate  in  the  male  ;  either  as  long  as  or 
not  much  shorter  than  the  proboscis  in  the  female.  Thorax 
either  scaly  or  sparsely  hairy  ;  free  edge  of  scutellum  simply 
convex,  not  trilobous ;  metanotum  bare.  Abdomen  either 
sparsely  hairy,  or  with  localised  patches  of  scales,  or  some¬ 
times  with  a  considerable  expanse  of  scales,  which,  however, 
never  form  a  perfectly  complete  and  compact  investment  as 
in  other  Culicince.  Wings  commonly  dappled  or  profusely 
spotted,  but  occasionally  clear  and  spotless.  Legs  remark¬ 
ably  elongate.  Female  with  a  single  spermatheca.  In 
repose  the  body  is  usually  inclined  at  an  angle  with  the 
resting-surface. 

The  eggs  (Fig.  14)  are  boat-shaped,  and  with  rare 
exceptions  have  the  investing  membrane  inflated  laterally 
to  form  a  pair  of  floats  or  outriggers ;  they  are  deposited 
loosely  on  water,  or  sometimes,  it  is  said,  on  moisture  near 
water. 

The  larva  (Fig.  16)  has  the  head  at  least  as  long  as 
broad  and  the  clypeus  prominent,  the  antennse  long  and 
moderately  tapering,  and  the  maxillary  palps  longer  than 
the  maxillae ;  prominent  features  are  the  hairs  or  feathers, 
four  on  the  edge  of  the  clypeus,  six  in  a  line  between  the 
antennae,  and  a  single  one  or  a  pair  external  to  the  antenna. 
The  long  lateral  hairs  of  the  thorax  and  anterior  abdominal 
segments  are  strongly  feathered.  The  abdominal  terga  to 
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the  8th  have  each  a  small  plate  of  chitin  anteriorly  in  the 
middle  line,  and  some  or  all  of  those  to  the  7th  have  a  pair 
of  petiolated  rosettes  or  whorls,  or  “cockades”  of  scales 
(■^§5  16 ,  the  fin  or  brush  of  hairs  in  the  mid-ventral 
line  of  the  9th  segment  is  very  bushy.  The  tracheal  trunks 
open  on  the  8th  abdominal  tergum,  in  a  hollow  which  is 
bounded  laterally  and  posteriorly  by  folds  or  valves  that 

are  homologous  with  the  breathing-tube  and  valves  of  other 
Culicince. 

The  larval  life  is  passed  in  waters  of  the  nature  already 
described  on  p.  68,  most  species  having  their  own  prefer¬ 
ential  habitat.  The  duration  of  the  larval  stage  varies  \ 
under  optimum  tropical  conditions  it  is  about  a  week,  but 
in  cooler  climates  it  extends  to  three  weeks  or  more,  and  in 


tiG.  26. — IN  ew-hatched  Larva  of  Anopheles  aconitus. 


northerly  latitudes  it  may  last  through  the  winter.  In  the 
new-hatched  larva  (Fig.  26)  the  hairs  are  not  branched  or 
feathered,  and  the  abdominal  whorls  or  cockades  have  the 
form  of  simple  scales  (Stanton). 

The  species  of  Anopheles  have  been  segregated  in 
numerous  very  questionable  genera,  chiefly  according  to  the 
form  and  distribution  of  the  scales.  Certainly  there  is  an 
obvious  graduation  from  all-brown,  unspotted,  hairy  species 
like  Anopheles  bifurcatus  to  brightly  coloured,  profusely 
spotted,  scaly  species  like  Anopheles  pulcherrimus ;  but  the 
steps  of  the  series,  though  highly  interesting  to  the  zoologist, 
are  stumbling-blocks  to  the  systematise  and  are  a  snare  and 
a  delusion  to  those  who  merely  wish  to  identify  the  species 
known  to  be  noxious.  Unfortunately  the  mutable  and 
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elusive  “  Anopheline  genera  ”  cannot  be  disregarded,  as  in 
some  cases  their  names  have  become  current  in  standard 
medical  writings ;  the  course  here  followed  is  to  mention 
these  questionable  “  genera  ”  by  name,  arranging  the  names 
in  four  companies,  each  of  which  may,  if  desirable,  be 
regarded  as  a  subgenus. 

Synopsis  of  “  Anopheline  genera  ”  regrouped  in  four  series 

or  subgenera : — 

1.  Scutum  covered  mainly,  abdomen  entirely,  with  hairs.  Palpi  of 

female  usually  slender.  Wings  either  not  spotted,  or  with  a  few  dark 
spots  formed  merely  by  clumping  of  scales  ;  or  dappled,  in  which  case 
the  front  edge  is  dark  with  only  one  or  two  light  spots  (Fig.  27  a). 
Usually  insects  of  considerable  size  =  Anopheles  subgenus. 

(This  series  includes  Anopheles ,  Stethomyia ,  Myzorhynchus  in  part, 
and  Cyclolepidopteron  in  part,  of  Theobald  ;  and  Neostethopheles  and 
Patagiamyia  of  James.) 

2.  Scutum  covered  chiefly  with  hairs.  Abdomen  always  with  some 
conspicuous  scales,  the  extremes  ranging  from  a  single  clump  on  the 
sternum  of  the  7th  segment  to  a  considerable  investment  with  or  without 
irregular  outstanding  clumps.  Palpi  of  female  shaggy  with  dense 
outstanding  scales.  Wings  dappled,  the  front  edge  with  irregular  spots 
or  blotches,  few  in  number.  Usually  insects  of  considerable  size 

=  Myzorhynchus  subgenus. 

(This  series  includes  Myzorhynchus  in  part,  Lophoscelomyia ,  Christya , 
Arribalzagia ,  Cyclolepidopteron  in  part,  and  Kerteszia  of  Theobald  ; 
and  Manguinhosia  of  Cruz.) 

3.  Scutum  covered  with  hairs  or  hair-like  scales.  Abdomen  covered 
with  hairs  ;  occasionally  some  small  inconspicuous  scales  at  the  tip. 
Palpi  of  female  slender.  Wings  spotted,  the  front  edge  regularly 
banded  or  barred  with  numerous  alternate  light  and  dark  spots  or 
streaks  (Fig.  27,  c,  d,  e).  Usually  insects  of  small  size 

=  Myzomyia  subgenus. 

(This  series  includes  Myzomyia  and  Pyretophorus  of  Blanchard  and 
Theobald  ;  Feltinella  and  Neomyzomyia  of  Theobald  ;  Nyssomyzomyia 
of  James  ;  and  Dactylomyia  of  Newstead  and  Carter.) 

4.  Scutum  covered  with’  small,  elliptical,'  usually  appressed,  white 

or  yellow  scales.  Abdomen  always  with  some  scales,  the  extremes 
ranging  from  a  few  on  the  terminal  segments  to  an  extensive  invest¬ 
ment  with  or  without  regularly  arranged,  lateral  or  ventral,  outstanding 
tufts.  Palpi  of  female  usually  shaggy  with  outstanding  scales.  Wings 
profusely  spotted,  the  front  edge  regularly  spotted  or  banded  with 
numerous  alternate  light  and  dark  spots  or  streaks  (Fig.  27,  d,  e). 
Usually  of  moderate  or  small  size  =  Nyssorhynchus  subgenus. 

(This  series  includes  Nyssorhynchus  of  Blanchard  ;  Nyssorhynchus , 
Neocellia ,  Cellia ,  and  Myzorhynchella  of  Theobald  ;  Chagasia  of  Cruz  ; 
Calvertina  of  Ludlow  ;  and  Christophersia  of  James.) 


The  anophelini  9f 

The  following  are  not  included  in  the  foregoing  synopsis  : _ 

i*  Aldnchinella  (  =  Aldrichia )  error ,  Theobald.  A  specimen  sent 
from  India,  now  in  the  British  Museum.  As  it  stands  it  is  a  composite 
specimen,  consisting  of  the  head,  thorax,  and  wings  of  an  Anopheles 
rossi  and  the  abdomen  of  a  Culex. 

2.  Bironella  gracilis,  Theobald.  Three  males  from  New  Guinea, 
esciibed  by  Theobald,  according  to  whom  the  palpi  are  shorter  than 
the  proboscis,  the  2nd  marginal  cell  is  extremely  small,  the  wings  are 
not  spotted,  and  the  vesture  of  the  thorax  and  abdomen  is  hairy. 
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Pig.  27. — Wings  of  Anopheles  to  show  colour-pattern. 
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^ °r  easy  identification  all  the  species  of  Anopheles  are 
here  treated  as  forming  a  single  genus,  and  are  grouped 
according  to  their  geographical  distribution.  The  species 
known  by  observation  or  experiment  to  be  hospitable  to 
malaria  parasites  are  marked  with  a  double  asterisk  *  those 
regarding  which  the  evidence  is  either  conflicting  or  merely 
circumstantial  are  marked  with  an  asterisk  and  query. 
Experimental  evidence,  of  course,  whether  positive  or 
negative,  is  extremely  valuable,  but  is  not  finally  conclusive 
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until  verified  throughout  the  range  of  a  given  species.  In  a 
given  locality  the  crucial  test  of  dangerousness  is  actually 
observed  malarial  infection  in  captured  individuals  of  a 
species  that  is  abundant  and  is  known  as  a  house-haunter. 

I. — Synopsis  of  European  Species  of  Anopheles.  9 

*  *  i.  Anopheles  bifurcatus,  L.  A  large  brown 
species,  with  no  bands  on  palpi  or  legs,  and  no  spots  on 
wings. 

*  *  2.  A.  PLUMBEUS,  Halliday  (  =  A.  NIGRIPES,  Staeger). 
A  small  dark  species  with  no  spots  on  the  wings  and  no 
bands  on  the  legs ;  sometimes  traces  of  two  grey  bands  on 
the  palpi.  The  larvse  are  to  be  found  in  the  water  that 
collects  in  holes  in  trees. 

**3.  A.  MACULIPENNIS.  A  large  and  common  brown 
species,  differing  from  A.  bifurcatus  in  having  four  large 
black  spots  on  the  wing,  situated  respectively  at  origin  of 
2nd  vein,  at  cross-vein,  and  at  fork  of  2nd  and  of  4th  vein. 

**4.  A.  SINENSIS,  Wiedemann  (=  A.  pseudopictus , 
Grassi).  See  Oriental  species,  No.  14. 

*  *  5.  A.  “HISPANIOLA,”  Theobald  ( Myzomyia ).  Probably 
the  same  as  A.  turkhudi.  See  Oriental  species,  No.  17. 

**6.  A.  SUPERPICTUS,  Grassi.  Can  be  distinguished 
from  A.  “  Hispaniola  ”  by  the  distinct  pale  bands  at  the  tips 
of  the  tarsal  segments. 

II. — Synopsis  of  African  Species  of  Anopheles.  9 

(a)  Wings  not  spotted  at  all.  No.  1 : — 

1.  Anopheles  algeriensis,  Theobald.  Brown ;  no 
banding  of  palpi  or  legs.  Abdomen  and  scutum  with  hairs 
only.  North  Africa. 

(/;)  Wings  with  three  or  four  minute  pale  spots  on  front  edge 
only.  No.  2-3 

2.  A.  SMITHI,  Theobald.  Palpi  slender,  dusky,  with 
three  narrow  and  faint  pale  bands.  Legs  brown,  not 
banded.  Abdomen  and  scutum  with  hairs  only.  Sierra 
Leone. 
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3.  A.  RHODESIENSIS,  Theobald.  Bands  of  palpi  and 
light  specks  on  front  edge  of  wing  more  distinct  than  in 
A.  smithi.  South  Africa. 


(c)  Wings 
No.  4-5:— 


with  spots  on  front  edge  and  fringe  only . 


4.  A.  WELLCOMI,  Theobald.  Wing  with  scales  all  yellow  ; 
the  front  edge  black  with  two  yellow  breaks  in  its  distal 
half.  Palpi  slender ;  black  at  base,  otherwise  light  brown, 
with  one  narrow  and  two  broader  pale  bands.  Legs  brown 
with  the  extreme  tips  of  the  segments  yellowish.  Abdomen 
and  scutum  with  hairs  only.  Sudan  (and  Aden). 

5.  A.  THEILERI,  Edwards  (=  Pyretophorus  albipes , 
Theobald).  As  A.  wellcomi ,  but  in  the  hind  legs  most  of  the 
3rd  tarsal  segment  and  all  of  the  4th  and  5th  are  white. 
Transvaal. 

(d)  Wings  with  a  few  black  spots  in  the  field  only ,  none  on 
front  edge  or  on  fringe.  No.  6  : — 

*  *  6.  A.  MACULIPENNIS,  Meigen.  Brown;  no  banding 
of  palpi  or  legs.  Wing  with  four  black  spots.  Abdomen 
and  scutum  with  hairs  only.  North  Africa. 

(e)  Wings  dappled ;  front  edge  ( including  tip  of  wing)  with 

not  more  than  two  pale  spots — see  Fig.  27 a.  No.  7-10  : _ 

*  *  7*  A.  UMBROSUS,  Theobald  (  =  Myzorhynchus  umbrosus 
and  strachani ,  Theobald).  Palpi  rather  shaggy,  black,  not 
banded.  Legs  dark  brown,  the  extreme  tips  of  most  of  the 
segments  paler.  Wings  mostly  black  scaled,  with  a  few 
patches  of  white;  the  front  edge  black  with  a  small  light 
spot  at  the  tip  and  usually  another  near  the  middle. 
Abdomen  and  scutum  with  hairs  only.  West  Africa 
(also  Malay  Peninsula  and  Borneo).  The  larva  is  quite 
peculiar  in  not  having  the  cockades  of  scales  on  the 
abdominal  terga. 

*?8.  A.  MAURITIAN  US,  Grandpre  (=  Myzorhynchus 
mauritianus  and  paludis ,  Theobald).  Palpi  shaggy,  black, 
with  usually  four  narrow  white  bands.  In  the  hind  legs  the 
last  three  tarsal  segments  are  snow-white.  Wings  like  A. 
umbrosus.  A  brush  of  scales  on  the  7th  abdominal  sternum. 
Common  in  Tropical  Africa. 
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Var.  PALUDIS,  Theobald,  has  the  near  end  of 'the  3rd 
hind  tarsal  segment  dark. 

9.  A.  DISTINCTUS,  Newstead  and  Carter  ( Pyretophorus ) 
Palpi  slender,  with  four  narrow  pale  bands.  Scutum  with 
narrow  scales.  North-East  Rhodesia. 

10.  A.  AUSTENI,  Theobald  ( Pyretophorus ).  Palpi  slender, 
with  three  white  bands — one  narrow  and  two  broad.  Front 
edge  of  wing  black  with  one  or  two  white  specks  and 
two  small  white  spots.  Scutum  with  narrow  scales. 
Angola. 

(f)  Wings  much  spotted ,  the  front  edge  with  at  least  three 
distinct  spots ,  but  usually  broken  into  numerous  alternate  dark 
and  light  areas  (Fig.  27  c,  d,  e).  Scales  absent  from  the  abdomen , 
or  present  on  the  terminal  segments  only .  No.  11-  28 

(f  i)  Palpi  not  banded.  No.  1 1  : — 

11.  A.  NILI,  Theobald  ( Myzomyia ).  Palpi  slender,  dark 
with  pallid  tip.  Legs  very  dark,  not  banded.  Wings  dark- 
scaled  with  a  few  light  spots ;  the  front  edge  black  with  four 
small  light  spots,  one — at  the  tip  of  the  wing — a  mere  speck. 
Sudan,  West  Africa. 

(fii)  Palpi  with  three  light  bands.  Legs  not  distinctly 
banded.  No.  12-17  : — 

*12.  A.  HISPANIOLA,  Theobald.  (Probably  identical 
with  A.  turkhudi ,  Liston.)  Palpi  slender,  with  three  narrow 
white  bands  and  brown  tip.  Legs  deep  brown  with  tip 
of  femur  and  tibia  pale.  Front  edge  of  wing  black,  with 
four  yellowish  breaks ;  scales  of  3rd  longitudinal  vein 
mostly  yellow.  Scutum  and  abdomen  with  hairs  only. 
North  Africa  (also  Spain,  and  probably  Asia).  If  identical 
with  A.  turkhudi  it  is  a  carrier  of  malaria. 

[A.  multicolor ,  Camboulin  (probably  =  Pyretophorus 
chaudoyei ,  my zomy facies,  and  nigrifasciatus ,  Theobald)  is 
said  to  differ  from  A.  hispaniola  (?  —  A.  turkhudi)  in  having 
the  scutum  covered  with  narrow  scales.  North  Africa.] 

**13.  A.  CULICIFACIES,  Giles  (  =  Pyretophorus  sergenti , 
Theobald).  Palpi  dark,  slender,  with  three  white  bands,  one 
of  which,  a  little  broader  than  the  others,  includes  the  tip 
( white  tip).  Legs  brown,  with  the  extreme  tip  of  some 
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of  the  segments  paler,  but  not  giving  any  appearance  of 
tarsal  banding.  Pront  edge  of  wing  black  with  three 
almost  equal  and  equidistant  whitish  spots ;  wing-fringe  not 
distinctly  spotted;  scales  of  3rd  longitudinal  vein  mostly 
dark.  Scutum  and  abdomen  with  hairs.  Rests  like  a  Culex. 
North  Africa;  also  common  in  India. 

*  *  14*  A.  FUNESTUS,  Giles.  Like  A.  culicifacies ,  but  has 
the  wing-fringe  very  distinctly  spotted  and  the  scales  of  the 
3rd  longitudinal  vein  mostly  yellow,  and  is  said  not  to  rest 
like  a  Culex.  Tropical  Africa  (also  Oriental). 

15.  A.  MARSIIALLI,  Theobald  ( =  Pyretophorus  marshalli 
and  pseudocostalis ,  Theobald).  Palpi  slender,  brown,  with 
three  light  bands — one  narrow  and  two  broad,  one  of  the 
latter  including  the  tip.  Legs  deep  brown,  the  extreme  tips 
of  the  segments  pallid,  but  not  giving  a  banded  appearance. 
Front  edge  of  wing  black,  with  four  irregular  and  very  small 
yellowish  spots.  Scutum  with  narrow  scales.  Eastern  and 
Southern  Africa. 

[A.  transvaalensis ,  Carter  (. Pyretophorus )  seems  to  differ 
fom  A.  marshalli  chiefly  in  having  darker  legs.  Eastern 
and  Southern  Africa.] 

16.  A.  FLAVICOSTA,  Edwards.  Differs  from  A.  marshalli 
in  having  more  yellow  in  the  front  edge  of  the  wing,  which 
may  be  described  as  being  yellow  with  two  black  specks 
followed  by  four  small  black  spots.  North  Nigeria. 

17.  A.  BRUNNIPES,  Theobald  ( Nyssorhynchus ).  Scutum 
with  broad,  elliptical,  appressed  white  scales  as  in  No.  25-28, 
to  which  series  this  species  belongs.  Palpi  slender,  black, 
with  three  white  bands — two  narrow,  and  one  (which  includes 
the  tip)  broad.  Some  parts  of  the  legs  are  smudgy  black  or 
brown,  and  others  almost  golden  yellow,  but  there  is  no 
definite  banding.  Front  edge  of  wing  black  with  four  small 
white  spots.  Angola. 

C/iii-)  Palpi  with  three  or  four  light  bands ,  one  of  which 
is  terminal  ( white  tip).  Some  of  the  tarsal  segments  con¬ 
spicuously  banded.  No.  18-23  : — 

*?  18.  A.  COSTALIS,  Loew  ( Pyretophorus  costalis ,  Theo¬ 
bald).  Palpi  slender  with  three  light  bands — two  narrow, 
one  broad  and  terminal.  Legs  brown  with  femur,  tibia,  and 
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1st  tarsal  segment  finely  speckled  with  tawny  yellow,  and 
the  articulations  of  the  tarsal  segments  yellow.  Wing 
spotted  black  and  tawny,  the  front  edge  black  with  two 
minute  yellow  specks  followed  by  three  small  yellow  spots. 
Scutum  with  curved  scales  which  are  sometimes  narrow  and 
sometimes  fairly  broad.  Abdomen  with  hairs.  One  of  the 
commonest  species  of  Tropical  Africa. 

N.B. — There  is  a  variety  in  West  Africa  in  which,  owing 
to  the  division  of  the  broad  terminal  band,  there  are  four 
white  bands  to  the  palpi. 

19.  A.  LONGIPALPIS,  Theobald  (. Myzomyia ).  Palpi 
slender,  dark,  with  three  narrow  light  bands,  one  being 
terminal.  Legs  black,  not  speckled,  the  articulations  of  the 
tarsal  segments  of  the  hind  legs  only  banded  white.  Front 
edge  of  wing  black,  with  four  small  pale  yellow  spots. 
Scutum  with  a  few  narrow  scales  among  the  hairs.  Abdomen 
with  hairs.  Proboscis  particularly  long.  East  Africa. 

20.  A.  pitchfordi,  Giles.  Palpi  slender,  dark,  with 
three  light  bands — one  narrow,  two  broad.  Legs  dark  brown, 
the  tips  of  all  the  segments  (except  5th  tarsal)  yellowish  and 
showing  as  distinct  tarsal  bands.  Front  edge  of  wing  black, 
with  two  yellow  specks,  and  four  small  yellow  breaks. 
Scutum  with  narrow  scales.  Abdomen  with  hairs.  Southern 
and  Eastern  Africa. 

21.  A.  DOMICOLUS,  Edwards.  Palpi  slender,  with  three 
light  bands — one  narrow,  two  broad.  Legs  black,  with  tip  of 
tibia  and  of  first  two  tarsal  segments  white ;  in  the  hind  legs 
the  tip  of  the  3rd  and  4th  tarsal  segments  and  the  base  of 
the  2nd,  3rd,  4th,  and  5th  are  also  white.  Front  edge  of 
wing  with  five  black  streaks.  North  Nigeria. 

22.  A.  CINEREUS,  Theobald  {Pyretophorus).  Palpi  slender, 
dark,  with  four  light  bands.  Legs  black,  the  tip  of  all  the 
segments  (except  5th  tarsal)  white,  showing  as  distinct  band¬ 
ing  in  the  hind  legs.  Front  edge  of  wing  black,  with  two 
yellow  specks  followed  by  three  yellow  spots.  Scutum  with 
broadish  scales.  Abdomen  with  hairs.  South  and  East  Africa. 

23.  A.  ARDENSIS,  Theobald  (  = Pyretophorus  ardensis  and 
Myzomyia  pyretophoroides,  Theobald).  Palpi  slender,  brown, 
with  four  white  bands,  the  terminal  one  broadish.  Legs  dark 
brown,  with  femur,  tibia,  and  1st  tarsal  profusely  and  con- 
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spicuously  banded,  and  all  the  other  tarsals  (except  5th) 
white-tipped.  Front  edge  of  wing  black,  with  two  yellow 
specks  followed  by  four  yellow  breaks.  Scutum  and  abdomen 
with  hairs.  Natal. 

(/  Palpi  with  three  or  four  white  bands ,  one  of  which 
is  terminal.  Legs  banded ;  in  the  hind  pair  the  4th  and  5  th 
tarsal  segments  and  all  or  part  of  the  3 rd  also  are  snow-white. 

No.  24-28 : — 

Lt.B. — The  same  white  hind  tarsals  occur  in  A.  theileri  (No.  5), 
A.  mauritianus  (No.  8),  and  A.  implexus  (No.  29). 

24.  A.  NATALENSIS,  Hill  and  Hay  don  (. Myzorhynchus ). 
Palpi  black  with  four  narrow  white  bands.  Femora  and 
tibiae  brilliantly  spotted  and  1st  tarsal  much  banded  with 
yellow.  In  the  hind  legs  the  4th  and  5th  tarsals  and  about 
half  of  the  3rd  are  white.  Front  edge  of  wing  black,  with  a 
white  speck  followed  by  three  small  white  breaks.  Scutum 
with  hairs.  Natal. 

**25.  A.  MACU LIPALPIS,  Giles.  Palpi  black,  flecked 
with  white,  and  with  three  white  bands.  Femora,  tibiae,  and 
1st  tarsal  profusely  spotted  with  white.  In  the  hind  legs  the 
whole  of  the  last  three  tarsals  are  white.  Wing  spotted  white 
and  black,  the  front  edge  proximally  white  with  two  black 
specks,  distally  black  with  three  white  breaks.  Scutum 
covered  with  broad  appressed  scales.  Last  two  or  three 
abdominal  terga  with  scales.  Tropical  Africa,  Mauritius; 
also  India. 

26.  A.  AUREOSQUAMIGER,  Theobald  (Pyretophorus).  Palpi 
slender,  black,  with  four  narrow  white  bands.  Femur 
and  tibia  of  all  the  legs  profusely  spotted  with  yellowish 
white,  and  1st  tarsal  segment  banded  with  white.  In  the 
hind  legs  the  4th  and  5th  tarsals  and  all  or  most  of  the  3rd 
are  white.  Front  edge  of  wing  black  with  one  speck  followed 
by  four  small  spots  of  yellowish  white.  Scutum  covered 
with  broad  appressed  yellow  scales.  Transvaal, 

27.  A.  PRETORIENSIS,  Theobald  (, Nyssorhynchus ).  Differs 
from  A.  aureosquamiger  in  having  all  the  spots  of  the  legs,  as 
well  as  the  scales  of  the  scutum,  white ;  the  tarsi  of  the 
middle  legs  not,  or  indistinctly,  banded  ;  and  the  palpi  usually 
with  only  three  bands.  Transvaal,  Natal. 
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28.  A.  RUFIPES,  Gough.  Like  A.  pretoriensis  without 
the  spotting  of  the  femora  and  tibiae.  Tropical  Africa, 
Transvaal. 

No.  25-28  may  quite  possibly  be  varieties  of  a  single  species,  the 
prime  name  of  which  would  be  A.  maculipaipis ,  Giles. 

(g)  Wings  spotted.  Legs  profusely  banded.  Abdomen  with 
brushes  of  long ,  bristle-like  scales  projecting  laterally  from  the 
sides  of  the  first  seven  abdominal  segments.  No.  29: — 

29.  A.  IMPLEXUS,  Theobald  ( Christy  a ).  Palpi  rather 
shaggy,  rather  shorter  than  the  proboscis,  black  with  four 
or  five  narrow  whitish  bands.  Legs  dark  brown,  femur 
and  tibia  with  numerous  regular  white  bands.  In  the  hind 
legs  the  tarsals  from  the  middle  of  the  2nd  to  the  middle  of 
the  5th  are  snow-white.  Wings  spotted,  two  or  three  large 
yellow  blotches  on  the  anterior  edge  very  conspicuous. 
Abdomen  without  scales  of  investment  except  on  the  last 
segment  and  genital  lobes.  Uganda. 

( h )  Wings  spotted  as  in  section  f  Palpi  and  tarsi  banded. 
Abdomen  well  clad  with  scales  on  every  segment.  No.  30  : — 

30.  A.  CHRISTYI,  Newstead  and  Carter  ( Neocellia ).  Palpi 
shaggy,  with  three  very  narrow  whitish  bands  and  yellowish 
tip.  Legs  lightish  brown,  tip  of  every  tarsal  except  the  5th 
yellowish.  Front  edge  of  wing  black,  with  one  or  two 
yellowish  specks  followed  by  four  yellowish  breaks.  Scutum 
with  broadish  curved  scales.  East  Africa. 

(£)  Wings  spotted  as  in  section  f  Legs  profusely  banded. 
Abdomen  well  covered  with  scales ,  and  also  with  later  ally- 
projecting  brushes  of  scales  on  all  the  abdominal  segments  from 
the  2nd  to  the  7th.  No.  31-34:  — 

31.  A.  SQUAMOSUS,  Theobald  ( Cellia ).  Palpi  shaggy, 
black  peppered  with  white,  and  with  two  or  three  white 
bands  and  white  tip.  Legs  dark  brown,  femur  and  tibia 
much  speckled  and  all  the  tarsi  (except  the  5th  which  in  all  the 
legs  is  entirely  brown)  broadly  banded  distally  with  white. 
Wings  much  spotted ;  front  edge  black  with  two  specks 
followed  by  four  spots  of  white.  Scutum  with  broad,  appressed 
scales.  A  common  species  of  the  Ethiopian  Region. 

32.  A.  ARGENTEOLABATUS,  Gough  ( =  Cellia  pseudo- 
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squamosa ,  Newstead  and  Carter).  Much  like  A.  squamosus , 
but  the  tarsi  not  banded.  Transvaal,  North-East  Rhodesia. 

*  *  33-  A.  PHAROENSIS,  Theobald  ( Cellia ).  Palpi  much 
as  in  A.  squamosus ,  and  equally  variable.  Legs  with  femur 
and  tibia  brindled,  the  tarsi  (except  the  5th  which  is  brown 
in  the  fore  legs  and  entirely  white  in  the  hind  legs')  broadly 
banded  in  alternate  dark  brown  and  white.  Wings  mostly 
yellow,  with  spots  and  blotches  of  dark  brown  ;  the  front  edge 
with  two  minute  specks  followed  by  four  spots  of  dark  brown. 
Scutum  with  broad,  appressed  scales.  A  common  African 
species;  also  in  Palestine.  P.  H.  Bahr  infected  it  experi¬ 
mentally  in  Egypt. 

[A.  cinctus ,  Newstead  and  Carter,  founded  on  a  single 
Ashanti  specimen  with  broken  palpi  and  hind  legs  missing, 
is  said  to  differ  from  A.  pharoensis  in  having  the  alternate 
banding  of  the  tarsals  more  regular  and  the  5th  tarsal  yellow, 
A  doubtful  species.] 

34.  A.  JACOBI,  Hill  and  Haydon  {Cellia).  Differs  from 
A.  pharoensis  in  having  the  5 th  tarsal  segment  of  all  the 
legs  white-tipped,  and  the  other  tarsals  not  banded.  Natal. 

III. — Synopsis  of  Oriental  Species  of  Anopheles.? 

N.B. — Species  known  by  observation  or  experiment  to  be 
hospitable  to  malaria  parasites  are  marked  with  a  double 
asterisk. 


(a)  Wings  not  spotted  at  all .  No.  1-5  : — 


1.  Anopheles  aiticeni,  James  (  =  A.  treacheri ,  Leicester, 
Stethomyia  fragilis ,  Theobald,  and  probably  S',  pallida, 
Ludlow).  Palpi  and  legs  not  banded.  “  Darts  ”  of  head 
extremely  slender.  Scutum  and  abdomen  with  hairs  only. 
Rests  like  a  Culex.  Indian  jungle,  Malay  Peninsula, 
Philippines.  Breeds  in  pools  in  jungle  (Daniels). 

2.  A.  CULICIFORMIS,  James  and  Liston.  Differs  from 
A.  aitkeni  in  being  of  a  sooty  black  colour,  the  palps  of  the 
female  coarse,  and  the  scales  of  the  head  not  slender.  Rests 
like  a  Culex.  South  India.  According  to  Christophers  it 
breeds  in  holes  in  trees. 

3.  A.  BARTANENSIS,  James  (according  to  Christophers  = 
A.  plumb eus ,  Halliday,  A.  nigripes ,  Staeger,  and  perhaps  A. 
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barberi,  Coquillett).  Differs  from  A.  aitkeni  in  having  the 
darts  of  the  head  of  normal  width  and  the  tip  of  the  femur 
and  tibia  of  the  hind  legs  white.  Punjab  Himalayas.  Breeds 
in  holes  in  trees  (Christophers). 

4.  A.  BREVIPALPIS,  Roper.  Differs  from  all  the  above 
in  having  the  palps  of  the  female  only  three-fourths  the 
length  of  the  proboscis.  Darts  of  the  head  of  normal  width. 
Cross-veins  of  wings  not  in  one  line.  Surface  of  abdomen 
shiny.  Rests  like  a  Culex.  North  Borneo. 

5.  A.  IMMACULATUS,  Theobald.  Palpi  with  three  light 
bands,  the  broadest  being  terminal.  Legs  yellowish,  the 
tarsi  darker  with  faint  terminal  bands.  Wings  with  yellowish 
veins  and  pallid  scales.  Scutum  and  abdomen  with  hairs 
only.  Coromandel  Coast. 

5  a.  A.  FLAVA,  Swellengrebel  (. Myzomyia ).  Yellow. 

Netherlands  India. 

(b)  Wings  not  spotted  except  for  some  minute  pale  spots  on  the 
front  edge  only.  No.  6  : — 

6.  A.  RHODESIENSIS,  Theobald.  Wings  brown-scaled,  the 
front  edge  with  four  small  pale  specks.  Palpi  slender,  dusky, 
with  three  narrow  and  faint  pale  bands,  one  of  which  is  sub¬ 
terminal.  Legs  brown,  not  banded.  Punjab  Frontier;  also 
Baluchistan  and  South  Africa. 

(c)  Wings  spotted.  Femur  of  hind  legs  with  a  conspicuous 
terminal  or  subterminal  brush  of  scales.  No.  7-8  : — 

7.  A.  ASIATICUS,  Theobald  (. Lophosceloniyia :).  Femoral 
brush  black  and  white,  the  white  part  distal.  Front  edge  of 
wing  with  two  conspicuous  yellow  spots.  Malay  Peninsula, 
Ceylon. 

8.  A.  WELLINGTON  IAN  US,  Alcock.  Femoral  brush 
entirely  black,  but  springing  from  a  broad  band  of  appressed 
white  scales.  Front  edge  of  wing  with  a  minute  yellow  spot 
just  beyond  the  middle  and  a  large  one  at  tip.  Malay 
Peninsula.  Larvae  found  in  a  reservoir  in  the  hills. 

(d)  Wings  spotted  or  dappled ,  the  front  edge  black  with  not 
more  than  tivo  light  spots  (Fig.  21a).  No.  9-14: — 

9.  A.  LINDESAYI,  Giles.  Palpi  slender,  not  banded. 
Legs  black,  a  broad  white  band  across  middle  third  of 
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femur  of  hind  pair.  Front  edge  of  wing  black,  with  one 
large  white  spot  (at  tip).  Himalayas  and  hills  of  Southern 
India.  A  variety  maculatus ,  Theobald,  has  some  black 
spots  on  the  wing  arranged  somewhat  like  those  of  A. 

maculipennis. 

*  *  io.  A.  UMBROSUS,  Theobald  (. Myzorhynchus ).  Palpi 
rather  shaggy,  not  banded.  Legs  brown,  the  tips  of  the 
tarsal  segments  paler  but  not  showing  as  bands.  Front 
edge  of  wing  with  a  whitish  spot  at  tip,  and  usually  a  small 
light  spot  just  beyond  the  middle.  Malay  Peninsula,  Borneo  ; 
also  West  Africa. 

io  a.  A.  umbrosus  var.  separatus,  Leicester.  Differs 
from  umbrosus  in  having  the  palpi  grey-tipped,  and  the 
light  tips  of  the  tarsi  distinct  enough  to  show  as  bands. 
Malay  Peninsula,  Borneo. 

ii.  A.  ALBOT^ENIATUS,  Leicester  (. Myzorhynchus ).  Palpi 
shaggy,  not  banded.  In  the  hind  legs  the  3rd  and  4th  tarsal 
segments  are  white  with  a  dark  median  cross-band,  and  the 
5th  is  all  white.  Front  edge  of  wing  with  two  small  yellow 
spots  placed  as  in  umbrosus.  Malay  Peninsula. 

*12.  A.  BARBIROSTRIS,  v.  d.  Wulp  ( Myzorhynchus ).  Palpi 
very  black  and  shaggy,  not  banded.  Legs  black,  with  the 
tip  of  the  segments  pale,  in  the  hind  tarsi  showing  as  distinct 
white  banding.  Front  edge  of  wing  with  a  whitish  spot  at 
tip,  and  another  (not  constant)  beyond  the  middle.  Abdomen 
with  a  salient  brush  of  dark  scales  on  the  7th  sternum,  and 
usually  with  one  or  two  white  scales  projecting  from  the 
other  sterna;  occasionally  all  the  sterna  are  suffused  with 
scales.  Oriental  Region  generally.  Breeds  in  shady  pools 
(Christophers)  ;  also  in  swamps  and  in  drains  (Roper). 

13.  A.  BANCROFTI,  Giles  (?  =  Myzorhynchus  pseudobarbi' 
rostris,  Ludlow).  Differs  from  A.  barbirostris  only  in  having 
femora  and  tibiae  sparsely  speckled  with  white,  and  possibly 
is  only  a  variety  of  that  species.  Philippines  ;  also  Australia. 

**14.  A.  SINENSIS,  Wiedemann  (=  A.  vanus ,  Walker, 
nigerrimus ,  Giles,  pseudopictus ,  Grassi,  Myzorhynchus  minutus , 
Theobald,  and  peditceniatus ,  Leicester;  perhaps  also  A. 
plumiger ,  Donitz).  Palpi  shaggy,  black  with  four  (sometimes 
only  three,  or  even  two)  narrow  white  bands,  one  of  which 
is  almost  always  terminal.  Front  edge  of  wing  black  with 
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a  tawny  spot  near  tip  and  another  (small  and  not  constant) 
beyond  the  middle.  A  salient  brush  of  scales  on  the  7th 
abdominal  sternum.  A  common  and  variable  Oriental  species ; 
also  found  in  the  Palaearctic  region  to  the  north-east  and 
north-west.  Breeds  in  swamps  and  rice-fields,  etc. 

(e)  Wings  spotted ,  the  front  edge  in  its  proximal  fourth 
white  with  two  small  black  breaks ,  in  its  distal  three-fourths 
black  with  only  one  or  two  white  breaks  (Fig.  27 b) ;  large 
insects.  No.  15-16  : — 

15.  A.  GIGAS,  Giles  (—  Patagiamyia  simlensis ,  James). 
Palpi  slender,  not  banded,  decidedly  shorter  than  proboscis. 
Legs  dark  brown  with  lightish  bands  at  the  joints  of  the 
segments.  Wings  mostly  white-scaled  with  numerous  spots 
and  streaks  of  black ;  two  long,  thick,  black  streaks  occupy 
most  of  the  front  edge.  Scutum  and  abdomen  with  hairs 
only.  Himalayas  and  hills  of  Peninsular  India. 

15 a.  A.  gigas  var.  REFUTANS.  Differs  from  the  typical 
form  in  having  three  or  four  very  narrow  bands  on  the 
palpi,  one  of  them  usually  being  terminal.  Hills  of  Ceylon. 

16.  A.  FORMOSUS,  Ludlow.  Palpi  rather  coarse,  brown, 
with  three  narrow  light  bands,  one  being  terminal.  Legs 
brown,  with  yellowish  knee-spots  and  yellowish  bands  at 
the  intertarsal  articulations  except  the  last  of  the  front  and 
middle  legs.  Wings  yellowish,  with  brown  spots;  front 
edge  with  two  small  and  two  large  brown  spots.  Philippine 
Islands. 

(f)  Wings  much  spotted ,  the  front  edge  broken  into 
numerous  alternate  light  and  dark  spots  or  streaks  (Fig.  27,  c,  <7,  e). 
Palpi  banded.  Scutum  never  bearing  broad  appressed  scales. 
Abdomen  usually  with  hairs ,  never  with  conspicuous  scales. 

No.  17-27:— 

(f  i.)  Legs  not  distinctly  banded  (No.  17-21) : — 

*  *  17.  A.  TURKHUDI,  Liston  (?  —  Myzomyia  hispaniola , 
Theobald).  Palpi  slender,  with  three  narrow  white  bands 
and  brown  tip.  Legs  deep  brown,  without  distinct  tarsal 
banding,  though  extreme  tips  of  some  segments  may  be 
pale.  Wings  dusky,  with  yellow  spots,  the  front  edge  black, 
broken  by  four  yellowish  streaks.  Scutum  and  abdomen 
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with  hairs  only.  Central  and  Northern  India.  Breeds  in 
pools  in  sandy  beds  of  large  rivers  (Christophers),  but  has 
also  been  found  in  temporary  pools  near  houses. 

\A.  multicolor ,  Chamboulin  (prob.  =  Pyretophorus  chaudoyei ,  myzo- 
my facies ,  and  nigrifasciatus ,  Theobald),  is  supposed  to  differ  from 
A.  turkhudi  in  having  distinct  scales  on  the  scutum.  Not  Oriental.] 

**18.  A.  PALESTENSIS,  Theobald  (  =  Pyretophorus 
palestinensis  and  nursei ,  Theobald),  is  said  to  differ  from 
A.  turkhudi  in  having  the  tip  of  the  palpi  white,  and  the 
scutum  covered  with  scales.  North-West  India,  Baluchistan, 
Syria. 

*  *  19.  A.  CULICIFACIES,  Giles  (=  Pyretophorus  sergentii , 
Theobald).  Palpi  slender,  with  three  white  bands,  one  of 
which,  a  little  broader  than  the  others,  is  terminal.  Legs 
brown  with  no  distinct  tarsal  banding.  Wings  with  yellowish 
and  tawny  spots,  the  front  edge  dark,  with  three  almost 
equal  whitish  spots  ;  the  scales  of  the  3rd  longitudinal  vein 
mainly  dark  ;  the  fringe  not  spotted.  Scutum  and  abdomen 
with  hairs.  Rests  like  a  Culex.  India  and  Ceylon.  Breeds 
in  all  kinds  of  fresh  water. 

[A.  leptomeres ,  Theobald  (. Myzomyia ),  is  probably  a  variety 
of  this  species.] 

**20.  A.  FUNESTUS,  Giles  (A.  listoni ,  Liston).  Differs 
from  A.  culicifacies  in  having  mainly  yellow  scales  on  the 
3rd  longitudinal  vein,  smaller  and  yellower  light  spots  on  the 
front  edge  of  the  wing,  and  the  wing-fringe  distinctly  spotted. 
India,  Burma,  Ceylon ;  also  Tropical  Africa.  Breeds  in 
ponds  and  streams. 

**21.  A.  MINIMUS,  Theobald.  Much  lik efunestus,  but 
the  penultimate  white  band  of  the  palpi  is  broad  (like  the 
terminal  one),  and  the  light  breaks  on  the  front  edge  of  the 
wing  are  whiter  and  brighter.  Occurs  in  many  parts  of  the 
Oriental  Region.  Said  to  breed  in  streams  and  ponds 
(Christophers). 

(f  A)  Some  of  the  legs  with  distmct  tarsal  bands;  tip  oj 
palpi  white.  No.  22-27  : — 

*  22.  A.  ROSSI,  Giles  {Myzomyia,  Nysso myzomyia).  Palpi 
slender  with  three  white  bands,  the  terminal  one  broad. 
Legs  brown,  the  long  segments  (5th  tarsal  excepted)  with 
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white  tip,  which,  in  the  front  legs  particularly,  shows  as 
distinct  tarsal  banding.  Wings  yellow,  with  dark  brown 
spots ;  the  front  edge  yellow,  with  two  dark  brown  specks 
and  four  dark  brown  streaks,  the  second  of  which  has  the 
shape  of  a  very  squat  "[“•  Scutum  with  hairs.  Oriental 
Region  generally.  Breeds  in  ponds  and  temporary  pools, 
and  sometimes  in  domestic  water-pots. 

*  A.  ROSSI  var.  INDEFINITUS,  Ludlow.  Differs  from  the 
typical  form  in  having  the  terminal  band  of  the  palpi 
narrower,  and  the  two  narrow  bands  more  widely  separated. 

*  *  23.  A.  LUDLOWI,  Theobald  ( Myzomyia ,  Nyssomy- 
zomyia).  Distinguished  from  A.  rossi  by  the  speckled 
femora  and  tibiae.  Occurs  in  many  parts  of  the  Oriental 
Region.  Said  to  breed  commonly  in  brackish  water 
(Christophers). 

24.  A.  JEYPORENSIS,  James.  Palpi  slender  with  three 
white  bands,  the  terminal  one  broad.  Legs  very  dark,  the 
tips  of  the  segments  white,  showing  as  narrow  but  distinct 
tarsal  banding.  Wings  with  white  and  black  spots ;  the 
front  edge  black  with  two  white  specks  and  three  very  small 
white  spots.  Scutum  with  narrow  white  scales.  Peninsular 
India. 

**25.  A.  ACONITUS,  Donitz  (  =  albirostris ,  Theobald). 
Proboscis  black  in  basal,  yellow  in  distal  half.  Palpi  slender, 
the  basal  two-thirds  dark  with  a  narrow  white  band  at  the 
middle,  the  distal  third  yellow  with  usually  a  narrow  black 
band  at  the  middle.  Legs  dark  brown,  the  tip  of  the  first 
four  tarsal  segments  light — showing  as  narrow  but  distinct 
banding,  at  least  in  the  front  legs.  Wings  yellow  with  dusky 
spots;  the  front  edge  black,  with  a  yellow  speck  and  four 
small  yellow  spots ;  all  the  scales  of  the  3rd  longitudinal 
vein  yellow.  Malay  Peninsula,  Sumatra. 

*  26.  A.  PUNCTULATUS,  Donitz  (. Myzomyia  tessellata , 
Theobald,  Nyssomyzomyia  punctulata ,  James  and  Liston). 
Proboscis  black  in  basal  half  and  at  tip,  for  the  rest  light 
tawny  or  white.  Palpi  slender,  basal  half  black  with  a 
narrow  white  band,  distal  half  white  with  two  very  narrow 
dark  bands  (and  so  commonly  described  as  having  four  white 
bands).  Legs  dark  brown,  the  femur  and  tibia  copiously, 
the  first  tarsal  segment  less  copiously  spotted  light  tawny, 
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the  next  three  tarsal  segments  with  tawny  tips  which  (except 
in  the  hind  legs)  involve  the  articulations  and  in  the  front 
legs  show  as  broadish  bands.  Wings  spotted  black  and  light 
tawny ;  front  edge  black,  with  one  or  two  light  tawny  specks, 
followed  by  four  light  tawny  spots.  Scutum  with  hairs! 
India,  Malay  Peninsula  and  Islands. 

Anopheles  thorntom ,  Ludlow,  is  probably  this  species,  and 
it  is  doubtful  whether  A.  deceptor ,  Donitz,  is  different. 

(*?)  27-  A-  leucosphyrus,  Donitz  (  = Neomyzomyia 
elega?is,  James,  Pyreiophorus  elegans ,  Theobald).  Proboscis 
black  with  white  tip.  Palpi  slender  with  four  white  bands, 
only  the  terminal  one  being  broad.  In  the  hind  legs  there 
is  a  broad  white  band  at  the  junction  of  the  tibia  and  1st 
tarsal  segment,  otherwise  the  legs  are  like  those  of  A.punctu- 
latus ,  except  that  the  spotting  is  brighter  and  more  copious. 
Wings  much  as  punctulatus ,  but  the  markings  are  white 
India,  Ceylon,  Malay  Peninsula  and  Islands.  Said  to  breed 
in  pools  of  forest  streams  (Christophers) ;  also  according  to 
Roper  in  swamps  and  in  barrels. 

(g)  Wings  spotted ,  the  front  edge  broken  into  numerous 
alternate  light  and  dark  spots  or  streaks  (Fig.  27,  d,  e).  Palpi 
and  legs  banded.  Scutum  covered  with  broad ,  elliptical ,  usually 
appressed  scales ,  commonly  white  sometimes  yellow.  Scales  may 

be  present  on  the  abdomen ,  but  never  as  outstanding  tufts 

No.  28-36 J  ‘ 

(g  i.)  Femora ,  tibia,  and  1st  tarsal  segment  copiously 
speckled  with  white  or  yellow  spots.  No.  28-32 — 

**28.  a.  MACULIPALPIS,  Giles  (  =  Nyssorhynchus  indi- 
ensis ,  Theobald).  Palpi  black,  flecked  with  white,  and  with 
three  white  bands,  the  two  distal  ones  broad  but  not  equally 
so.  Speckling  of  legs  white.  In  the  hind  legs  the  far  end 
of  the  2nd  tarsal  segment  and  the  whole  of  the  3rd,  4th,  and 
5th  are  snow-white.  Wings  spotted  white  and  black;  the 
front  edge  in  its  proximal  fourth  white  with  two  black  specks, 
in  its  distal  three-fourths  black  with  three  white  spots.  Last 
two  or  three  abdominal  terga  with  scales.  India  (and  Africa). 

Said  to  breed  in  pools  connected  often  with  hill  streams 
(Christophers). 


112 


ENTOMOLOGY  FOR  MEDICAL  OFFICERS 


29.  A.  JAMESI,  Theobald  ( Nyssorhynchus ).  Palpi  black 
with  three  white  bands,  the  terminal  one  alone  broad.  Legs, 
etc.,  as  in  maculipalpis .  Peninsular  India,  Ceylon. 

**30.  A.  STEPHENSI  (  =  Neocellia  intermedia,  Rothwell). 
Palpi  dark  with  two  broad  light  bands  in  the  distal  half,  and 
two  or  three  whitish  patches  or  narrow  bands  in  the  proximal 
half.  Speckling  of  legs  tawny.  None  of  the  tarsal  segments 
entirely  white.  Wings  spotted  yellow  and  black  ;  the  front 
edge  with  two  small  black  spots  followed  by  four  black 
streaks  the  second  of  which  is  squat  "[“-shape.  Scales  of 
scutum  yellowish.  Scattered  scales  on  all  the  abdominal 
terga  except  the  first.  India  generally.  Breeds  in  wells  and 
domestic  water-pots  as  well  as  in  natural  pools  in  river-beds 
(Christophers). 

**31.  A.  MACULATUS,  Theobald  ( =  Nyssorhynchus 
ps  endow  Minor  i,  Theobald).  Palpi  black  with  three  white 
bands,  the  two  distal  ones  equally  broad.  Speckling  of  legs 
tawny.  In  the  hind  legs  the  far  end  of  the  2nd  tarsal 
segment  and  both  ends  of  the  3rd  are  white,  the  4th  is  white 
with  a  median  dark  band,  and  only  the  5th  is  entirely  white. 
Wings  spotted  black  and  white ;  the  front  edge  marked  as 
in  A.  maculipalpis.  Some  scales  on  the  last  two  or  three 
abdominal  terga.  Hills  of  India  and  Malay  Peninsula. 
Breeds  in  pools  in  beds  of  streams  (Christophers). 

**3itf.  A.  MACULATUS  var.  WILLMORI  (  =  Neocellia 
willmori ,  James,  and  Neocellia  dudgeoni,  and  indica ,  Theo¬ 
bald).  Differs  from  the  typical  form  in  having  scales  on  all 
the  abdominal  segments.  Himalayas,  up  to  6000  feet. 
Breeds  in  streams. 

*  *  32.  A.  THEOBALDI,  Giles.  Differs  from  A.  niaculatus 
in  having  the  4th  tarsal  segment  of  the  hind  legs  entirely 
white  like  the  5th.  Peninsular  India.  Said  to  breed  in 
stream  -  connections,  and  in  swampy  ground  near  lakes 
(Christophers). 

(tf-ii.)  Femora  and  tibice  not  speckled.  No.  33-36: — 

**33.  A.  FULIGINOSUS,  Giles  (  =  Nyssorhynchus  nivipes , 
Theobald,  A.  leucopus ,  Donitz,  Calvertina  lineata ,  Ludlow). 
Palpi  black  with  three  white  bands,  the  terminal  one  alone 
broad.  In  the  hind  legs  the  distal  portion  of  the  2nd  and 
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the  whole  of  the  3rd,  4th,  and  5th  segments  are  snow- 
white.  Wings  spotted  white  and  black;  front  edge  black, 
with  two  white  specks  and  four  small  white  spots.  Last 
two  or  three  abdominal  terga  with  scales.  Oriental  Region 
generally.  Breeds  in  swamps  and  weedy  ponds. 

33a-  A.  FULIGINOSUS  var.  ADIEI,  James  and  Liston. 
Differs  in  having  the  2nd  and  the  proximal  part  of  the 
3rd  tarsal  segment  of  the  hind  legs  dark;  sometimes  also 
the  broad  terminal  white  band  of  the  palpi  is  divided  by  a 
narrow  band  of  dark  scales.  Said  to  be  a  cold  season  variety 
in  the  North  of  India. 

33A  A.  FULIGINOSUS  var.  PHILIPPENSIS,  Ludlow.  The 
broad  teiminal  band  of  the  palpi  is  divided  by  a  narrow 
band  of  dark  scales  so  that  the  palpi  have  four  white  bands. 
Philippines,  Siam. 

34.  A.  SCHUFFNERI,  Stanton.  Like  A.  fuliginosus ,  but 
in  the  hind  legs  the  proximal  half  of  the  3rd  tarsal  segment 
is  dark,  and  abdominal  scales  are  present  only  on  the  8th 
segment  and  genital  lobes.  Sumatra. 

35.  A.  FOWLERI,  Christophers  (. Neocellia ).  Like  A. 
fuliginosus  but  the  wings  have  more  white  scales,  and  the 
white  spots  of  the  front  edge  are  larger;  also  there  are 
scales  on  most  of  the  abdominal  segments.  Peninsular  India. 
Said  to  breed  in  rice-fields  (Kenrick). 

*  3b.  A.  KARWARI,  James.  Palpi  dark  with  four  white 
bands,  two  narrow  and  two  broad,  one  of  the  latter  being 
terminal.  In  the  hind  legs  the  tips  of  the  first  three 
tarsal  segments  are  white,  the  fourth  segment  is  white  with 
a  narrow  dark  band  and  the  5th  is  entirely  white.  Wings 
spotted  black  and  white,  the  front  edge  with  two  white 
specks  and  three  white  spots.  Last  two  abdominal 
segments  with  scales.  Peninsular  India,  Assam,  Malay 
Peninsula. 

(Ji)  Wings  much  spotted ,  the  front  edge  broken  into  numerous 
alternate  light  and  dark  spots  or  streaks.  Palpi  and  legs 
banded.  Scutum  with  broad  scales.  Abdomen  with  many  scales 
on  all  the  segments  some  of  which  project  as  lateral  or  sternal 
tufts : — 

37.  A.  PULCIIERRIMUS,  Theobald  ( Cellia ).  Palpi  brown, 
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frosted  with  white,  and  with  four  white  bands  the  broadest 
of  which  is  terminal.  Legs  brown,  frosted  with  white,  the 
tips  of  most  of  the  segments  white.  In  the  hind  legs 
the  greater  part  of  the  2nd  and  the  whole  of  the  3rd,  4th, 
and  5th  tarsal  segments  are  snow-white.  Wings  spotted 
brown  and  white,  the  front  edge  with  two  black  specks  and 
four  black  spots.  Scutum  with  broad,  white,  appressed 
scales.  Abdomen  plentifully  covered  with  broad  white 
scales  and  with  a  pair  of  lateral  brushes  of  black  scales 
on  each  segment.  North-West  India;  also  Turkestan 
and  Persia.  In  Turkestan  the  larva  is  said  to  hibernate. 

*38.  A.  KOCHI,  Donitz  ( =  Christophersia  halli ,  James, 
Cellia  flava,  Ludlow).  Palpi  dusky  at  base,  white  and 
yellow  in  most  of  their  extent,  with  three  or  four  narrow 
dark  bands.  Femora,  tibiae,  and  1st  tarsal  segment  much 
brindled  and  banded.  In  the  front  legs  both  ends  of  the 
2nd  to  4th  tarsal  segments  are  white ;  in  the  hind  legs 
the  distal  end  of  the  2nd  tarsal  segment  is  white  and  the 
next  three  segments  are  white  with  a  dark  median  band. 
Wings  spotted  dark  brown  and  yellow;  front  edge  with 
two  black  specks  and  four  (or  more)  black  spots.  Scutum 
with  broad  white  scales  amid  narrow  scales  and  hairs. 
Abdominal  terga  with  hairs  and  scales ;  the  sterna,  from 
the  2nd  to  the  7th,  each  with  a  median  bilobed  brush 
of  dark  scales.  Assam,  Burma,  Malay  Peninsula ;  breeds  in 
swamps  (Roper). 

IV. — Species  of  Anopheles  found  in  South¬ 
western  Asia. 

*  *  1.  A.  BIFURCATUS,  L.  See  European  species,  No.  1. 

2.  A.  MULTICOLOR,  Camboulin  (probably  =  Pyretophorus 

chaudoyei ,  my  zo  my  facies ,  and  nigrifasciatus ,  Theobald,  and 
Myzomyia  hispaniola ,  Theobald,  and  is  very  doubtfully 
distinct  from  A.  TURKHUDI,  Liston).  Cf.  Oriental  species, 
No.  17*  * 

*  *  3.  A.  PALESTENSIS,  Theobald.  See  Oriental  species, 
No.  18. 

4.  A.  COSTALIS,  Loew.  See  African  species,  No.  18. 

5.  A.  CINEREUS,  Theobald.  See  African  species,  No.  22. 
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6.  A.  RHODESIENSIS,  Theobald.  See  African  species, 
No.  3. 

7.  A.  PULCHERRIMUS,  Theobald.  See  Oriental  species, 
No.  37. 

*  *  8.  A.  PHAROENSIS,  Theobald.  See  African  species, 
No.  33. 

V. — Synopsis  of  American  Species  of  Anopheles.1? 

(a)  Wings  not  spotted;  tarsi  not  banded.  No.  1-4: — 

1.  Anopheles  walkeri,  Theobald.  Brown.  Palpi  with 
the  tips  of  the  segments  pale.  Head-scales  slender,  erect ; 
some,  anteriorly,  narrow-curved.  Eastern  North  America. 

2.  A.  NIMBUS,  Theobald.  ( =  Stethomyid).  Brown.  Palpi 
not  banded.  Head-scales  slender,  erect ;  some,  anteriorly, 
flat  and  appressed.  Rests  like  a  Culex.  Brazil,  British 
Guiana. 

3.  A.  ATROPOS,  Dyar  and  Knab.  Black.  Palpi  with  an 
indistinct  whitish  band  at  base  of  penultimate  segment. 
“  Darts  ”  of  head  of  normal  width.  Southern  Florida. 

4.  A.  BARBERI,  Coquillett  (=  Coelodiazesis,  Dyar  and 
Knab).  Brown.  Palpi  not  banded.  Darts  of  head  of 
normal  width.  Larvae  found  only  in  the  water  that  collects 
in  holes  in  trees.  Eastern  U.S. 

(5)  Wings  spotted;  tarsi  not  banded.  No.  5-10: — 

*  *  5-  A.  QUADRIMACULATUS,  Say.  Palpi  not  banded. 
Legs  brown,  extreme  tip  of  femur  and  tibia  pale.  Wing- 
scales  all  dark,  and  massed  at  certain  points  as  in  the 
European  A.  maculipennis  to  form  four  black  spots.  Larvae 
mostly  in  stagnant  waters  of  a  permanent  nature.  North 
America  east  of  Rockies. 

6.  A.  OCCIDENTALIS,  Dyar  and  Knab.  Distinguished 
from  No.  5  by  an  ill-defined  coppery  spot  in  fringe  at  tip  of 
wing.  Larvae  as  in  No.  5.  Canada,  Western  U.S. 

7.  A.  EISENI,  Coquillett  ( =  Myzomyia  tibiamaculata ,  Neiva). 
Palpi  with  two  broad  white  bands  one  being  terminal.  Distal 

1  Compiled  largely  from  Howard,  Dyar,  and  Knab,  The  Mosquitoes 
of  North  and  Central  America  a?id  the  West  Indies ,  vol.  iv.,  part  ii., 
the  distribution  and  the  larval  habitats  being  abbreviated  from  those 
authorities. 
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fourth  of  hind  tibia  densely  clad  with  large  white  scales. 
Larvae  found  in  water  in  hollow  trees,  bamboo-stumps,  etc., 
also  in  pools  in  rocks  of  streams  and  in  vicinity  of  streams. 

*  *  8.  A.  PUNCTIPENNIS,  Say.  Palpi  and  legs  as  in  No.  5, 
Wings  dappled  black  and  yellowish-white,  the  front  edge  with 
a  large  yellowish  spot  near  middle  and  a  small  one  near 
tip,  the  3rd  and  5th  veins  black-scaled.  Larvae  found  in 
swamps,  springs,  streams,  puddles,  also  in  artificial  receptacles. 
North  America,  from  Canada  to  Mexico.  Seems  to  be 
susceptible  to  malaria  infection  not  in  every  part  of  its 
range. 

*  *  9-  A.  PSEUDOPUNCTIPENNIS,  Theobald  (  =  A.  frauds- 
canus ,  M‘Cracken).  Palpi  with  two  white  rings  and  broadly- 
white  tip.  Legs  as  in  No.  5.  Wings  dappled  black  and 
yellowish-white,  the  front  edge  with  two  large  white  spots, 
one  near  middle  the  other  near  tip;  scales  of  3rd  and  5th 
veins  mostly  white.  Larvae  in  ditches,  pools,  springs,  streams, 
wells,  puddles,  also  once  in  a  tank.  Tropical  and  subtropical 
parts  of  Continental  America. 

*  *  IO-  A.  CRUCIANS,  Wiedemann.  Palpi  and  legs  as  in 
No.  9.  Wings  dappled  black  and  whitish,  the  front  edge  with 
one  small  white  spot  situated  at  tip.  Larvae  in  pools  usually 
of  tidal  marshes.  South-eastern  U.S.,  Cuba,  Jamaica. 

(c)  Wings  spotted ;  tarsi  banded ;  hind  tarsi  with  part  of  2nd 
segment ,  all  of  3rd  and  4 tdi  segments ,  and  all  or  part  of  bth 
segment  snow-white.  No.  11-18: — 

**  II.  A.  ARGYROTARSIS,  Robineau-Desvoidy  (“  Cellia  ”). 
Mesonotum  with  spindle-shaped  white  scales.  Abdomen 
considerably  scaly,  and  also  with  a  regular  bilateral  series 
of  outstanding  tufts  of  scales.  Palpi  shaggy,  black,  with  two 
narrow  white  bands  and  broadly-white  tip.  First  three 
segments  of  front  tarsi  white-tipped.  In  the  hind  tarsi  the 
distal  two-thirds  of  the  2nd  segment  and  all  of  the  3rd,  4th, 
and  5  th  segments  are  snow-white.  Tarsi  of  middle  legs  not 
marked  with  white.  Wing-scales  lanceolate.  Front  edge 
of  wing  with  six  small  white  breaks,  the  first  two  separated 
by  a  small  black  speck.  Larvae  in  pools  of  all  sorts.  Mexico 
to  Argentina,  Lesser  Antilles. 

12.  A.  BRAZl  LIEN  SIS,  Peryassu  (“  Cellia ”).  Said  to  differ 
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from  No.  r  i  in  having  the  scales  of  the  tip  of  the  abdomen 
white.  Brazil. 

r3-  A.  ALBIMANUS,  Wiedemann  (“  Cellia  ”).  Distin- 
guished  from  No.  1 1  by  a  black  spot  at  base  of  5th  tarsal 
segment  of  hind  legs.  Larvae  in  divers  kinds  of  water,  but 
particularly  in  brackish  swamps.  Mexico  and  South  Florida 
to  Ecuador,  Greater  Antilles. 

**  14  A.  TARSIMACULATUS,  Goeldi  (“  Cellia"').  Distin¬ 
guished  from  No.  11  by  four  white  bands  on  palpi;  by  white 
tips  to  all  the  segments  of  the  tarsi  of  the  front  and  middle 
legs  except  the  2nd ;  and  by  a  black  basal  band  on  the 
5th  tarsal  segment  of  the  hind  legs.  Larva:  in  divers  kinds 
of  water,  including  brackish  lagoons.  Central  America  from 
Nicaragua  southwards,  Lesser  Antilles. 

15.  A.  BIGOTI,  Theobald  (“Cellia”).  Distinguished  from 
No.  11  by  four  white  bands  on  palpi ;  by  the  white  5th  tarsal 

segment  of  the  front  legs ;  and  by  the  less  extent  of  white  on 
the  2nd  tarsal  segment  of  the  hind  legs. 

.16.  A.  LUTZI,  Cruz  (  =  Pyretophorus  lutzi  and  Myzorhyn- 
chella  lutzi  and  nigra ,  Theobald).  Distinguished  from  No.  11 
by  having  the  abdomen  hairy  and  devoid  of  scales,  and  by 
four  narrow  white  bands  on  palpi.  Brazil,  (?)  Mexico. 

17.  A.  PARVUS,  Chagas  (Myzorhynchella).  Said  to  differ 

from  No.  16  in  having  white  scales  on  the  last  abdominal 
segment.  Brazil. 

18.  A.  N1GRITARSIS,  Chagas  (Myzorhynchella).  Said  to 
differ  from  No.  16  in  having  a  black  band  at  junction  of  2nd 
and  3rd  tarsal  segments  of  the  hind  legs.  Brazil. 

(d)  Wings  spotted ;  tarsi  banded ;  hind  tarsi  not  as  in 
section  (c).  No.  19-32: — 

19.  A.  FAJARDOI,  Lutz  (Chagasia).  Mesonotum  with 
yellow  spindle-shaped  scales.  Abdomen  with  hairs,  no 
scales.  Palpi  densely  scaly,  black  with  tips  of  segments 
pale.  Legs  banded  in  yellow  (or  yellowish-white)  and  brown 
alternately;  hind  tarsi  white  with  black  tips.  Wings  dark 
scaled  without  conspicuous  spots,  the  front  edge  black  with 
indistinct  yellow  patches  ;  wing-scales  lanceolate.  Brazil. 

20.  A.  MACULIPES,  Theobald  (Arribalzagia).  Mesonotum 
chiefly  with  hairs.  Abdomen  ventrally  with  numerous  pale 
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scales,  dorsally  with  scattered  recumbent  scales  and  tufts  or 
broken  bands  of  broad  outstanding  scales.  Palpi  shaggy, 
black,  with  three  narrow  white  bands,  one  being  terminal. 
Legs  dark  brown,  much  banded  and  brindled  with  white  and 
yellow  as  to  femur,  tibia,  and  1st  segment  of  tarsus,  the 
other  segments  of  the  tarsus  except  the  5th  (which  is  all 
black)  yellow  tipped.  Wings  with  narrowly-ovate  scales, 
mostly  dark,  some  yellow ;  front  edge  with  three  black 
blotches,  two  very  large,  one  smaller.  Brazil,  Trinidad, 
(?)  Jamaica. 

**21.  A.  PSEUDOMACULIPES,  Peryassu  (. Arribalzagia ). 
Distinguished  from  No.  20  by  additional  maculation  of  the 
2nd  tarsal  segment  of  the  front  legs  and  2nd,  3rd,  and 
4th  tarsal  segments  of  the  hind  legs,  and  by  the  broadly- 
ovate  wing-scales.  Brazil. 

22.  A.  STRIGIMACULA,  Dyar  and  Knab.  Distinguished 
from  No.  20  by  the  additional  yellow  maculation  of  the 
tarsi  of  the  hind  legs,  the  5th  segment  being  all  yellow. 
Larvae  in  pools  of  a  bouldery  river-bed.  Tropical  Mexico. 

23.  A.  APICIMACULA,  Dyar  and  Knab.  Distinguished 
from  No.  20  by  a  fourth  dark  blotch  on  the  front  edge  of 
the  wing  almost  at  tip,  and  by  the  additional  maculation 
of  the  tarsi  of  the  hind  legs,  the  5th  segment  having  a  white 
tip.  Larvae  in  pool  of  stream  bed.  Tropical  America, 
Trinidad. 

24.  A.  MALEFACTOR,  Dyar  and  Knab.  Distinguished 
from  No.  20  by  having  only  two  distinct  bands  on  the  palpi, 
the  tip  being  black ;  by  the  additional  maculation  of  the 
2nd  tarsal  segment  of  the  front  legs  and  2nd,  3rd,  and 
4th  tarsal  segments  of  the  hind  legs,  the  5th  tarsal  segment 
in  both  cases  being  white,  and  by  the  broadly-ovate  wing- 
scales.  Larvae  in  pools  of  runnels.  Panama. 

25.  A.  MEDIOPUNCTATUS,  Theobald  {Cycloleppteron).  Dis¬ 
tinguished  from  No.  20  by  the  additional  yellow  maculation 
of  the  tarsi  which  appear  yellow  with  brown  specks,  and  by 
some  of  the  scales  of  the  abdomen,  and  particularly  of  the 
wings  being  almost  circular.  Brazil,  Trinidad. 

*  *  26.  A.  INTERMEDIUS,  Peryassu  ( Cycloleppteron ).  Is 

distinguished  from  No.  25  by  the  unbanded  palpi.  Brazil. 

27.  A.  BOLIVIENSIS,  Theobald  ( Kerteszia ).  Mesonotum 
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with  hairs  chiefly.  Abdomen  with  rather  irregular  large 
black  scales.  Palpi  black,  with  three  narrow  yellow  bands, 
one  being  terminal.  Legs  brown  as  to  femur  and  tibia,  the 
ist  tarsal  segment  of  front  and  hind  legs  with  both  ends 
yellow  and  a  median  yellow  band,  the  2nd  and  3rd  tarsals 
of  the  front  legs  yellow-tipped,  the  2nd  tarsal  of  the  hind 
legs  white  with  black  base,  the  other  tarsals  brown.  Wing- 
scales  mostly  dark ;  front  edge  of  wing  black  with  four 
yellow  spots  of  about  equal  size.  Larvae  in  leaf-bases  of 
Bromeliacece .  Bolivia. 

28.  A.  LUTZIANUS,  Cruz  ( Mangiiinhosia  lutzi ,  Cruz). 
Mesonotum  with  scales  chiefly.  Abdomen  with  hairs  on 
first  six  segments,  and  pale  scales  on  and  beyond  the  7th. 
Palpi  brown  with  some  white  scales.  Legs  brown ;  the 
femur  and  tibia  speckled  distally,  the  tarsi  with  yellowish 
tips.  Wings  with  lanceolate  and  spathulate  scales,  mostly 
whitish ;  front  edge  with  two  large  and  two  small  black 
spots.  Brazil. 

29.  A.  VESTITIPENNIS,  Dyar  and  Knab.  Mesonotum 
with  hairs  chiefly.  Abdomen  with  hairs,  no  scales.  Palpi 
rough,  black  with  a  few  whitish  scales  in  three  places.  Legs 
black,  irregularly  spotted  as  to  femur,  tibia,  and  first  segment 
of  tarsus,  the  next  three  tarsal  segments  of  the  front  and 
hind  legs  tipped  with  white.  Wings  with  narrowly  ovate 
scales,  mostly  black,  a  few  yellow ;  front  edge  black  with 
some  irregular  and  minute  pale  spots,  of  which  two  near  the 
tip  are  the  most  conspicuous.  Tropical  America,  Greater 
Antilles. 

30.  A.  GRABHAMI,  Theobald  ( Cycloleppteron ).  Meso¬ 
notum  with  hairs  chiefly.  Abdomen  with  hairs  except 
perhaps  for  some  small  pale  scales  on  last  segment.  Palpi 
shaggy,  entirely  black.  Legs  mottled  yellow  and  brown  as 
to  femur  and  tibia,  the  tarsals  brown  with  indistinct  pale 
bands  at  base  of  first  three  segments.  Wings  with  some 
of  the  scales  almost  circular;  front  edge  black  with  two 
yellow  spots,  both  in  the  distal  half.  Larvae  in  any  stagnant 
water.  Greater  Antilles. 

31.  A.  NEIVAI,  Dyar  and  Knab.  Mesonotum  with  hairs 
chiefly.  Abdomen  with  hairs.  Palpi  rough,  black,  with  a 
few  whitish  scales  at  tip  of  last  two  segments.  Legs  not 
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speckled ;  femora  blackish,  white-lined  beneath ;  tibiae 
predominantly  yellowish  -  white ;  tarsi  black  and  white. 
Wings  with  narrowly  lanceolate  scales;  front  edge  black, 
with  a  minute  white  spot  at  base  and  two  larger  spots  in 
distal  half.  Larvae  in  leaf-bases  of  Bromeliacece .  Panama 
to  Southern  Mexico. 

32.  A.  BELLATOR,  Dyar  and  Knab.  Distinguished  from 
No.  31  by  the  four  nearly  equidistant  white  spots  or  breaks 
on  the  front  edge  of  the  wing,  and  by  having  a  few  white 
scales  only  on  the  last  segment  of  the  palpi.  Larvae  in 
leaf-bases  of  Bromeliacece.  Trinidad. 

VI. — Synopsis  of  Australian  Species 
of  Anopheles.  ? 

1.  Anopheles  corethroides,  Theobald.  Palpi  and 
legs  not  banded ;  wings  not  spotted. 

2.  A.  ATRATUS,  Skuse.  Palpi  and  legs  nearly  black,  the 
tip  of  the  palpi  pallid ;  wings  with  about  six  black  spots 
formed  by  clumps  of  scales. 

*  ?  3-  A.  BANCROFTI,  Giles.  Palpi  black,  not  banded, 
very  shaggy.  Legs  black  with  the  tip  of  the  segments  pale, 
the  femora  and  tibiae  sparsely  speckled  with  white.  Wings 
mostly  black  scaled,  with  a  few  light  patches ;  the  front 
edge  black  with  a  whitish  spot  at  tip  and  a  minute  and 
inconstant  light  spot  beyond  the  middle.  Abdomen  with  a 
projecting  clump  of  dark  scales  on  the  7th  sternum,  and  one 
or  two  projecting  wisps  of  white  scales  on  all  or  many  of  the 
other  sterna.  Probably  merely  a  variety  of  the  common 
A.  barbirostris  of  the  Oriental  Region. 

*?4-  A.  ANNULIPES,  Walker  (  =  Anopheles  mastersii , 
Skuse).  First  segment  of  palpi  black  with  a  narrow  white 
terminal  band,  last  three  segments  white  with  a  narrow  black 
basal  band.  Legs  profusely  banded  alternately  black  and 
yellowish  -  white.  Wings  very  regularly  and  profusely 
speckled;  the  front  edge  with  two  minute  black  specks 
followed  by  four  black  spots.  Scutum  with  broadish 
elliptical  appressed  white  scales.  Abdomen  usually  with 
scales  on  the  terminal  segments  only,  but  occasionally  on  all 
the  segments. 


CHAPTER  XI 


Other  Blood-sucking  Nematocera :  Psychodidge, 
Chironomidae,  Simuliidae 

Besides  Mosquitoes  certain  species  of  three  other  families  of 
Nematocera,  namely,  the  Psychodidce ,  or  Moth-like  midges, 
the  Chironomidce ,  or  Midges,  and  the  Simuliidcz ,  have  to  be 
included  in  the  account  of  blood-sucking  flies.  So  far  as  the 
Simuliidce  and  the  few  Chironomidce  are  concerned  the  habit 
seems  to  be  peculiar  to  the  female. 

Family  PSYCHODID,E  :  Moth-like  Midges.  (Gr.  ^vXii  =  moth 

or  butterfly;  etSog  =  form). 

The  species  of  this  family  are  small,  often  minute, 
midges  having  the  body  and  wings  thickly  covered  with  hair, 
amid  which  patches  of  scales  may  be  interspersed.  Their 
resemblance  to  tiny  moths  is  enhanced  by  the  pose  of  the 
wings,  which,  when  at  rest,  are  commonly — though  not  in  the 
blood- sucking  Phlebotomies — sloped  on  either  side  of  the  body. 
The  wings  are  peculiar  in  their  oval  or  lanceolate  form,  and  in 
their  venation  (Fig.  28).  Owing  to  the  facts  that  the  veins 
usually  branch  nearer  to  the  root  than  to  the  tip  of  the  wing, 
that  the  cross-veins  are  inconspicuous  and  are  also  situated 
near  the  root  of  the  wing,  and  that  the  2nd  longitudinal 
vein  has  three  branches,  the  wings  look  as  if  they  contained 
nine  or  ten  nearly  parallel  longitudinal  veins  without  cross¬ 
veins.  The  antennae  are  long,  and  their  segments,  which  are 
sixteen  in  number,  usually  are  separated  by  deep  constrictions 
and  carry  whorls  of  hairs.  These  peculiarities  of  the  wings 
and  antennae  are,  however,  not  so  much  manifest  in  Phle¬ 
botomies  as  in  other  Psychodidce .  Except  in  Phlebotomies  the 
proboscis  is  not  conspicuous. 

The  insects  of  this  family  are  found  in  all  parts  of  the 
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world  ;  they  prefer  damp,  shady,  secluded  places — outhouses, 
privies,  etc.,  and  they  often  fly  with  a  quick  hopping  action 
when  disturbed.  The  larvae  of  some  are  aquatic ;  others  live 
in  rotting  debris,  damp  earth,  crumbling  masonry,  sewage, 
liquid  filth,  etc. 

Several  species  of  Psychodidce  have  been  suspected  of 
sucking  blood ;  but  the  habit  is  known  to  prevail  only  in  the 
notorious  genus  Phlebotomus  and  in  a  Queensland  species  of 
the  common  genus  Pericoma.  The  bite  is  severe  and  causes 
long-persisting  irritation ;  but  beyond  this  it  may  convey 
specific  infection,  as  in  the  case  of  the  three-day  autumnal 
fever  (Papataci  fever)  carried  by  Phlebotomus  pap atasii  in  the 
countries  bordering  the  Mediterranean  (and  perhaps  else¬ 
where).  P.  verrucarum  also  is  believed  by  Townsend  to 
transmit  the  virus  of  an  exanthematous  fever,  known  as 


Fig.  28. — Wing  of  Psychodid  Fig.  29.— Claspers  of  Phlebotomus 

(denuded).  minutus. 

verruga  peruviana  which  is  endemic  in  certain  valleys  of 
the  Andes ;  furthermore,  species  of  Phlebotomus  have  been 
suspected  of  harbouring  the  Leishmania  parasite  of  Oriental 
Sore. 

The  Psychodidce  are  grouped  in  two  subfamilies,  namely, 
(i)  PsychodincE ,  in  which  the  2nd  longitudinal  vein  makes 
its  first  branch  in  the  root  of  the  wing  (Fig.  28),  the  female 
has  a  horny  ovipositor,  and  the  external  genitalia  of  the  male 
consist  of  two  pairs  of  clasping-pieces  ;  and  (2)  Phlebotomince , 
in  which  the  2nd  longitudinal  vein  branches  well  in  the  field 
of  the  wing,  the  female  has  not  a  horny  ovipositor,  and  the 
genitalia  of  the  male  (Fig.  29)  consist  of  three  pairs  of 
clasping-pieces  in  addition  to  the  penis. 

Subfamily  Psycho  dines. 

The  only  genus  to  be  noticed  is  Pericoma ,  which  is  a 
typical  Psychodid  with  a  wing  (when  denuded  of  hairs)  of 
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the  shape  and  venation  shown  in  Fig.  28,  except  that  the 
3rd  longitudinal  vein  ends  behind  instead  of  in  front  of  the 
tip  of  the  wing.  An  Australian  species  Pericoma  towns - 
villensis  is  reported  by  F.  H.  Taylor  to  suck  blood,  inflicting 
a  bite  that  can  be  felt  for  three  weeks  afterwards.  This 
species  may  be  recognised  by  the  tarsi,  of  which  in  all  the 
legs  the  last  four  segments  are  white  ;  and  by  the  wings, 
which  have  black  spots  of  scales  and  hairs  at  the  tips  of  all 
the  longitudinal  veins  and  also  at  the  forkings  of  the  2nd 
and  4th,  and  the  hairs  of  the  costal  fringe  remarkably  long. 


Fig.  30.— Female  Phlebotomus. 


Subfamily  Phlebotomince. 


The  only  genus  that  concerns  us  is  Phlebotomus  (Fig.  30), 
the  species  of  which  are  small,  yellowish,  greyish,  or  brownish 
midges,  of  slenderer  make  than  most  Psychodidce ,  and  in 
repose  carrying  the  wings  uplifted.  The  joints  of  the 
antennae  are  often  only  slightly  constricted,  the  eyes  are 
round  and  black,  the  clypeus  is  prominent,  the  proboscis 
(labium)  is  of  moderate  length  but  soft,  the  palpi  are  long 
and  flexible,  the  legs  are  lanky,  and  the  wings  are  long  and 
(particularly  in  the  male)  narrow,  with  all  three  branches 
of  the  2nd  longitudinal  vein  conspicuous  ;  the  claspers  of  the 
male  (Fig.  29)  are  of  striking  size,  those  of  the  uppermost 
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pair  being  armed  with  five  (occasionally  only  four  or  three) 
large  spines.  These  midges  are  so  small  that  they  can  creep 
through  the  meshes  of  an  ordinary  mosquito-net.  They 
dislike  sun  and  wind,  and  during  the  day  they  rest  in  dark 
places — bathrooms,  privies,  cellars,  secluded  corners  of  rooms, 
cracks  in  drying  soil  (King),  termites’  nests  (Bainbrigge 
Fletcher);  but  at  night  they  come  out  to  feed,  being  attracted 
to  lights,  and  their  bite  is  particularly  venomous.  It  is 
commonly  supposed  that  only  the  female  sucks  blood,  but 
Lemaire  says  of  P.  duboscqii ,  an  African  species,  “  it  seems 
that  males  can  bite  as  well  as  females.”  The  mouth-organs 
of  the  female  much  resemble  those  of  Culicoides  ( cp .  Fig.  35). 
Phlebotomus  is  said  to  be  short-lived,  but  Wenyon  in  Malta 
kept  a  female  alive  in  a  damp  pot  for  fifty  days,  feeding  it 
every  two  days.  Howlett  thinks  that  house-lizards  ( Gecko - 


Fig.  31.— Abdomen  of  female  Phlebotomies. 


nidee)  are  their  natural  hosts,  and  Roubaud  in  West  Africa 
observed  them  swarming  on  an  Agama  lizard  without  dis¬ 
quieting  the  reptile. 

Many  observations  have  been  made,  by  Grassi,  Newstead, 
Marett,  Howlett,  and  others,  of  the  facts  and  conditions  of 
larval  existence. 

The  eggs  are  deposited  in  building  rubbish  in  damp 
cellars,  in  crannies  in  walls  and  embankments,  in  crevices 
in  caves,  in  fissures  of  drying  soil,  and  places  of  that  kind, 
and  also,  according  to  Roubaud,  in  latrines.  According 
to  Grassi  about  forty  eggs  are  produced — and  this  is  about 
the  number  commonly  seen  in  the  abdomen  of  a  gravid 
female  (Fig.  31).  According  to  Marett  the  female  dies  within 
a  few  hours  of  delivery,  and  the  eggs  hatch  in  six  to  nine 
days,  though  those  laid  late  in  the  season  may,  he  thinks, 
lie  dormant  through  winter,  like  the  eggs  of  some  species  of 
mosquitoes. 
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The  larva  (Fig.  32)  has  a  distinct  head,  and  a  body 
of  12  segments  the  last  of  which  carries  in  the  early  stage 
a  pair,  in  the  later  stage  two  pair,  of  remarkably  long 
dorsal  bristles  which  stand  erect.  The  larvae  are  found 
in  the  same  kind  of  places  as  the  eggs,  and  according  to 
Marett  take  about  eight  weeks  to  complete  their  develop¬ 
ment  in  ordinary  circumstances ;  but  Howlett  has  observed 
in  India  that  larvae  of  P .  papatasii  hatched  at  the  beginning 
of  the  cold  season  do  not  pupate  until  the  following  spring. 

The  pupa  usually  retains  the  shrivelled  larval  skin,  with 
its  characteristic  bristles,  attached  to  the  after  end  of  the 
body  ;  this  stage  lasts  from  eleven  to  sixteen  days  (Marett). 

Howlett  states  of  one  species  (JP.  minutus )  that  the  entire 
life-circle,  from  deposition  of  egg  to  emergence  of  winged 


Pig.  32.— Young  Larva  of  Phlebotomus ;  from  Newstead. 

adult,  may,  in  India,  occupy  less  than  a  month  in  the 
hot  season  and  two  months  or  more  in  the  cold  season. 

The  genus  is  represented  in  all  warm  parts  of  the  globe, 
and  often  in  localities  which,  though  in  the  main  arid, 
have  at  some  time  of  the  year  a  fair  amount  of  subsoil 
moisture. 

For  the  identification  of  species  good  spirit-specimens 
mounted  in  Farrant  or  Canada  balsam  are  necessary  as  well 
as  the  ordinary  pinned  specimens. 

The  species  hitherto  described  have  not  all  been  equally 
well  characterised  ;  several  are  founded  on  a  single  specimen, 
and  some  are  based  on  slight  differences  in  the  claspers 
of  the  male,  apparently  on  the  assumption — for  it  is  an 
assumption — that  these  organs,  unlike  all  other  organs, 
never  vary ;  the  following  synopsis  of  species  is  taken 
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from  the  paper  by  Mrs  Connal  (Miss  Summers)  published  in 
the  Journal  of  the  School,  vol.  ii.,  part  ii. 

I. — European  Species  of  Phlebotomus. 

1.  Phlebotomus  pap  at asii,  Scopoli.  About  2-5  mm.  long.  Yellowish 
with  abdominal  and  thoracic  hairs  in  erect  tufts.  Of  the  three  branches 
of  the  2nd  longitudinal  vein  the  3rd  (hindmost)  is  about  two  and  a 
third  times  the  length  of  the  1st  (foremost).  Distal  segment  of  upper 
claspers  about  four-fifths  the  length  of  the  basal  segment  and  armed 
with  five  short  blunt  spines,  three  of  which  are  terminal.  Common  in 
Southern  Europe.  Is  said  to  be  carried  long  distances  in  coasting 
vessels. 

2.  P.  mascitii ,  Grassi.  Like  papatasii,  but  the  spines  of  the  claspers 
are  long  and  falciform.  Italy. 

3.  P.  perniciosus ,  Newstead  (  =  P.  legeri ,  Mansion,  apud  Newstead). 
Hairs  of  abdomen  not  in  distinct  tufts.  Spines  of  upper  claspers  long 
and  falciform,  only  two  of  them  terminal.  No  spinules  on  lower 
claspers.  Malta,  Corsica. 

P.  perniciosus  var.  7iigerrimus ,  Newstead,  has  the  integument  (not 
the  hairs)  brownish  black. 

4.  P.  minutus ,  Rondani.  About  1-5  to  2  mm.  long.  Yellowish, 
with  abdominal  hairs  recumbent.  Wings  narrow,  particularly  in  the 
male  ;  of  the  three  branches  of  the  2nd  longitudinal  vein  the  hindmost 
is  from  three  to  two  and  a  half  times  the  length  of  the  foremost. 
Upper  claspers  with  only  four  spines  which  are  long  and  falciform  and 
all  terminal  or  subterminal. 

II. — Asiatic  Species  of  Phlebotomus. 

1.  P.  papatasii  and  2.  P.  minutus  are  common  in  South-West  Asia 
and  Northern  India.  Annandale  also  describes,  under  the  name  niger , 
a  larger  and  darker  variety  of  P.  minutus. 

3.  P.  argentifes ,  Annandale  and  Brunetti.  About  2  mm.  long.  Hairs 
of  thorax  and  abdomen  blackish.  Hind  legs  about  three  times  the 
combined  length  of  thorax  and  abdomen.  Upper  claspers  with  five 
falciform  spines — two  being  terminal,  and  one  nearly  mid-dorsal. 
Common  on  plains  of  ' India.  A  variety  marginatus ,  Annandale,  from 
Ceylon,  has  the  costal  border  of  the  wing  dark. 

4.  P.  zeylanicus ,  Annandale.  About  3  mm.  long.  Hairs  brown. 
Upper  claspers  with  five  long  falciform  spines — two  being  terminal  and 
two  mid-dorsal.  Ceylon. 

•  5.  P.  major ,  Annandale.  3-3-75  mm.  long.  Golden  or  golden-grey, 
otherwise  much  as  P.  argentipes.  Himalayas,  hills  of  South-West 
Bengal,  North  China.  Annandale  also  describes  a  variety,  griseus ,  of 
darker  colour  from  Darjiling. 

6.  P.  perturbans ,  Meijere.  About  2-5  mm.  long.  Dark  brown. 
Upper  claspers  with  four  spines — two  terminal,  two  median.  Java, 
Darjiling  Tarai. 
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7*  P*  malabancus,  Ann3.nda.le.  About  2*5  mm.  long-.  Brown  with  3 
purplish  tinge.  Upper  claspers  with  four  spines — two  being  terminal 
3nd  one  subterminal.  South  India. 

8.  P,  himalayensis,  Annandale.  2-2*5  mm*  long.  Yellowish  grey. 
Upper  claspers  with  only  three  spines— nil  terminal.  Himalayas. 

9.  P.  stantoni ,  Newstead.  Scales  on  tarsi  arranged  in  well-defined 
bunds.  Kuala  Lumpur,  Federated  Malay  States. 

10.  P.  angustipennis ,  Meijere.  Described  from  3  single  specimen  ; 
is  thought  by  Annandale  to  be  synonymous  with  P.  papatasii.  Nether¬ 
lands  India. 


III. — African  Species  of  Phlebotomus. 

t*  P»  papatasn  and  2.  P.  nnnutus  are  found  in  Northern  Africa. 
News  tend  also  describes,  under  the  nume  africanus ,  3  variety  of 
P.  nnnutus ,  of  darker  colour  and  with  more  pointed  wings. 

3.  P.  duboscqui ,  Neveu-Lemaire.  Pule  yellow.  Femule  untennu  of 
13  segments.  Cluspers  like  papatasii.  French  Sudun. 

4.  P.  antennatus,  Newsteud.  2*35  mm.  long.  Antenna  moniliform, 
the  segments  from  2  to  13  inclusive  being  remurkubly  short  und  stout. 
Otherwise  like  P.  ininutus.  Gold  Coust.  (Femule  only  known.) 

5.  P.  simillnnus ,  Newsteud.  Much  like  P.  ininutus ,  but  the  3rd 
segment  of  the  untennu  is  remurkubly  long  in  both  sexes,  being  in  the 
mule  twice  the  length  of  the  proboscis.  North  Ashunti,  South  Nigeriu. 

6.  P .  squamipleuris ,  Newsteud.  2*65  mm.  long.  Pleuru  clothed 
with  lurge  flut  scules.  Egyptiun  Sudun. 

7.  P .  roubaudi ,  Newsteud.  The  mule  hus  four  or  five  spines  on  the 
lower  cluspers.  French  West  Africu 

8.  P.  ingrami,  Newsteud.  2*2  mm.  long.  The  mule  hus  four 
sputhulute  spines  on  the  upper  cluspers  und  u  dense  tuft  of  long 
bristles  ut  the  tip  of  the  lower  cluspers.  North  Ashunti. 

9.  P.  bedfordi ,  Newsteud.  3  mm.  long.  Wings  nurrow  ;  in  the 
2nd  longitudinul  vein  the  hindmost  brunch  is  more  thun  three  times 
us  long  us  the  foremost  brunch.  Terminul  segment  of  pulpi  unusuully 
short.  Trunsvuul.  Femule  only  known. 

IV. — American  Species  of  Phlebotomus. 

1.  P.  vexator ,  Coquillett.  1*5  mm.  long.  Yellow  with  brown  hairs. 
First  submarginal  cell  of  wing  twice  as  long  as  its  petiole.  Claspers 
with  five  spines — two  apical,  two  subapical,  one  median.  Maryland. 

2.  P .  cruciatus ,  Coquillett.  Flairs  yellow.  First  submarginal  cell 
about  three  times  as  long  as  its  petiole.  Guatemala.  Female  only 
known. 

3.  P.  fostrans ,  Summers-Connal.  Head  (including  proboscis)  of 
female  half  the  length  of  the  rest  of  the  body.  In  the  male  the 
greatest  length  of  the  wing  is  three  and  a  half  times  its  greatest  breadth, 
the  pioximal  segment  of  the  upper  clasper  is  broadly  triangular,  and 
the  distal  segment  has  four  large  falciform  spines  of  which  one  is 
terminal.  South  America. 


128 


ENTOMOLOGY  FOR  MEDICAL  OFFICERS 


4.  P.  squamiventris ,  Lutz  and  Neiva.  Abdominal  segments  with 
numerous  scales  between  the  hairs.  Terminal  segment  of  palpi  much 
the  shortest.  Wings  long  and  narrow.  South  America. 

5.  P.  longipalpis ,  Lutz  and  Neiva.  Terminal  segment  of  palpi  much 
the  longest.  Wings  three  times  as  long  as  broad.  South  America. 

6.  P.  intermedins,  Lutz  and  Neiva.  Terminal  segment  of  palpi 
shortest.  Wings  twice  as  long  as  broad.  South  America 

7.  P.  verrucarum ,  Townsend.  Hairs  on  abdomen  more  or  less 
erect.  Wings  moderately  broad.  Upper  clasper  with  five  spines. 
South  America. 

8.  P.  atroclavatus ,  Knab.  Hairs  on  abdomen  erect.  Wings 
narrow.  Upper  clasper  with  four  spines.  Trinidad. 

Family  CHIRONOMIDT: :  Midges  par  excellence 

(Gr.  gei povofj.o^  —  one  who  gesticulates  with  the  arms). 

Chironomidce  are  typical  midges  many  of  which  greatly 
resemble  mosquitoes  ;  but  they  can  be  distinguished,  apart 
from  other  characters,  by  the  proboscis,  the  wings,  and  the 
pose  :  the  proboscis  is  short — even  in  the  females  of  the 
blood-sucking  species,  which  do  not  resemble  mosquitoes,  it  is 
not  very  long ;  the  wings  are  not  scaly,  though  they  may  be 
hairy,  and  the  costal  vein  stops  at  the  tip  of  the  wing  ;  and 
in  repose  the  front  legs  are  usually  uplifted — whence  the 
name  Chironomus.  The  antennae  of  the  male  are  thickly 
plumose,  those  of  the  female  may  be  either  short  or  long ; 
the  thorax  generally  projects  a  good  deal  over  the  back  of 
the  head ;  the  wings  are  either  bare  or  hairy,  the  anterior 
veins  are  usually  thicker  and  darker  than  those  in  the 
posterior  part  of  the  wing,  the  2nd  longitudinal  vein  is 
wanting — and  often  the  posterior  cross-vein  also — and  the 
3rd,  4th,  and  5th  longitudinal  veins  may  all  be  forked.  The 
family  is  a  very  large  one  and  is  represented  in  all  parts  of 
the  world  and  at  all  altitudes,  the  commoner  species  occurring 
in  dancing  swarms  near  water.  The  larvae  are  mostly  aquatic, 
but  some  live  in  the  sap  that  flows  from  diseased  trees,  and 
in  decomposing  vegetation.  Only  the  females  of  certain 
species  of  the  subfamily  Ceratopogonince  suck  blood. 

The  eggs  of  Chironomus  are  laid  in  strings  or  lumps 
of  transparent  jelly-like  mucus,  in  stagnant  water,  and  the 
larvae — some  species  of  which,  from  the  haemoglobin  contained 
(in  solution)  in  their  blood,  are  red,  and  hence  are  known 
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as  “  blood-worms  ” — may  come  to  the  notice  of  the  medical 
officer  when  they  are  found,  as  they  often  are,  in  the 
settling-tanks  of  waterworks,  or  in  water  stored  for  domestic 


posfr  Je^s 

Fig.  33.  Head  and  after  end  of  CliironoT/nus  Larva. 


use.  The  larva  (Fig.  33),  which  resembles  a  small  river- 
worm,  may  sometimes  be  seen  writhing  through  the  water, 
but  it  often  lives  in  temporary  tubes  formed  of  mud  and 
fine  debris  entangled  in  slime  secreted  by  the  large  salivary 
glands  (Fig.  33).  It  is  composed  of  a  head  and  12 
segments;  on  the  head  there  are  two  pairs  of  small  eye- 
spots,  a  pair  of  antennae,  and  mouth-parts  formed  for  bitino-  • 
on  the  first  and  last  segments  of  the  body  there  are  two 


Fig.  34. — Culicoides. 


short  legs  crowned  with  hooklets  ;  on  the  ventral  surface 
of  the  penultimate  segment  there  are  four  longish  filaments, 
and  at  the  end  of  the  last  segment  there  are  four  shorter 
filaments ;  these  act  as  true  gills,  the  tracheal  air-system 
being  not  functionally  developed.  Different  species  of 
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Chironomus  larvae  have  different  habits ;  some  common 
species  are  found  in  ditches,  ponds,  and  water-butts ,  other 
species  live  at  the  bottom  of  deep  lakes,  or  even  at  the 
bottom  of  the  sea.  The  pupa  of  Chironomus  has  a  general 
resemblance  to  that  of  Culex,  but  breathes  by  a  pair  of  thick 
tufts  of  (cephalothoracic)  breathing-threads  instead  of  breath¬ 
ing-trumpets.  The  aquatic  larvae  of  some  Chironomids  are 
rapacious.  This  is  the  case  with  the  larvae  of  Ta?iypus ,  a 
genus  of  hairy  Chironomids  found  in  many  parts  of  the 
world,  which  superficially  have  some  resemblance  to 

Psycho  didoe. 

The  blood-sucking  Chironomids  belong  to  the  subfamily 
Ceratopogoninoe  (Fig.  34),  minute  dark-coloured  midges  of 
jerky  or  zig-zag  flight,  which  commonly  attack  in  swarms 


Fig.  35.— Mouth-parts  of  female  Culicoides. 


about  sunset  and  out  of  doors,  though  Dr  H.  G.  F.  Spurred 
has  observed  a  South  American  species  biting  at  night 
indoors.  Their  bite  is  extremely  irritating,  often  raising 
a  lump  that  itches  for  days,  though  it  is  not  known  evei 
to  be  charged  with  any  specific  infection.  They  are  found 
in  all  parts  of  the  world,  and  have  the  following  common 
characters  : — 

The  eyes  are  large  and  reniform,  the  antennae  are  com¬ 
posed  of  14  of  13  segments,  the  proboscis  is  prominent  and 
in  the  female  ensheathes  the  offensive  structures  shown  in 
Fife*  35)  and  the  palpi,  which  consist  of  5  segments,  are 
conspicuous  and  flexible.  The  thorax  does  not  much  over¬ 
hang  the  head  5  the  wings  are  short,  broad,  rounded,  often 
dappled  and  finely  pilose,  and  have  the  4th  and  5th  longi¬ 
tudinal  veins  forked,  no  posterior  cross-veins,  and  sometimes 
no  2nd  longitudinal  vein ;  the  legs  are  comparatively  stout. 
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In  some  species  the  3rd  segment  of  the  palpi  is  inflated,  and 
contains  a  vesicle  or  pit,  which  possibly  is  a  sense-organ. 
The  larvae  are  elongate,  slender,  and  worm-like,  and  live  in 
the  sap  that  exudes  from  injured  trees,  or  in  wet  earth.  The 
blood-sucking  species  are  included  in  the  following  genera  : — 
1.  Culicoides ,  Latreille.  Wings  pubescent,  dappled,  with 
the  anterior  cross-vein  distinct,  and  the  2nd  longitudinal 
vein  absent  (; i.e .,  with  only  two  longitudinal  veins  in  front  of 
the  forked  veins);  antennae  of  14,  palpi  of  4  or  5  segments; 
a  short  empodium  present.  Cosmopolitan. 

2.  Johannsemella ,  Williston  (  =  Cerutolophus ,  Kieffer).  Differs  from 
Cidicoides  in  having  bare  wings  and  no  empodia. 


3*  Hamatomyidium.)  Goldi.  Differs  from  Culicoides  in  having  the 
anterior  cross-vein  very  oblique,  and  no  empodia.  South  America. 

4-  CEcacta,  Poey.  Differs  from  Culicoides  in  having  the  wings 
pubescent  and  scaly,  the  antennas  of  15  segments,  and  no  empodia. 
West  Indies. 

5.  Leptoconops ,  Skuse.  Wings  with  2nd  longitudinal  vein  present 
(he.,  with  three  longitudinal  veins  in  front  of  the  forked  veins)  and  no 
anterior  cross-vein;  antennae  of  female  with  13  segments;  palpi  of 
4  segments,  the  3rd  inflated.  Australia. 

6.  Mycterotypus  Noe.  As  Leptoconops ,  but  the  palpi  consist  of 
only  3  segments,  the  second  of  which  is  inflated.  South  Europe. 

7.  Tersesthes,  Townsend.  Differs  from  Mycterotypus  in  having  a  tuft 
of  hairs  at  the  tip  of  the  palpi.  North  America. 

Family  SlMULllDTE  (Lat.  Simulus  =  snub-nosed). 

The  species  of  this  family  (Fig.  36)  are  small,  thickset, 
unmidgelike  flies,  with  short  stout  legs,  large  broad  wings, 
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a  short  and  heavy  but  formidable  proboscis,  and  short  stiff 
antennae  composed  of  io  or  n  segments  not  bearing  whorls 
of  hairs.  They  are  very  often  all  black,  but  may  be  reddish- 
brown,  or  may  have  the  legs  conspicuously  banded,  or  the 
thorax  beautifully  striped ;  and  one  of  the  Oriental  species 
is  almost  as  vividly  coloured  as  a  wasp.  The  costal,  sub¬ 
costal,  and  ist  and  3rd  longitudinal  veins  (the  2nd  longi¬ 
tudinal  vein  is  absent)  are  stout  and  bristly,  but  the  other 
longitudinal  veins,  which  are  forked,  are  faint  to  the  verge 
of  invisibility ;  the  costal  vein  ends  at  the  tip  of  the  wing. 
The  mouth-parts  of  the  female  are  formed  for  stabbing  and 


cutting  (Fig.  37)  ;  in  general  they  resemble  those  of  the 
female  gadfly  but  are,  for  their  size,  even  more  formidable  ; 
the  epipharynx  is  armed  at  its  tip  with  recurved  hooklets, 
th.g  mandibles  and  maxillae  are  shaped  like  lancets,  the 
mandibles  being  very  sharply  serrated  for  some  distance 
along  the  inner  edge,  and  the  maxillae  along  the  outer  edge. 
In  the  male,  according  to  Edwards,  well-developed  mandibles 
and  maxillae  may  be  present.  The  maxillary  palps,  which 
are  long  and  flexible,  consist  of  4  segments,  and  in  the  2nd 
segment  there  is  a  sensory  vesicle  with  a  minute  opening  to 

the  surface. 

The  species  are  extremely  numerous,  are  represented 
under  suitable  conditions  in  all  parts  of  the  world,  and  are 
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all  included  in  the  one  genus  Simulium.  The  females 
of  many  species  are  insatiable  blood-suckers,  active  by  day. 
In  some  countries  they  appear,  at  certain  seasons,  in  swarms, 
and  attack  cattle  and  other  domestic  animals  with  fatal 
effect.  A  Himalayan  species  has  been  said  to  kill  even 
human  beings  in  the  same  way.  It  cannot  be  affirmed  that 
Simulium  is  a  “  carrier,”  so  far  as  man  is  concerned  ;  but 
from  certain  coincidences  in  the  geographical  and  physio- 
graphical  distribution  of  Simulium  on  the  one  hand,  and  the 
endemic  and  seasonal  prevalence  of  pellagra  on  the  other, 


Dr  Sambon  assumes  that  there  is  some  causal  connection 
between  the  fly  and  the  disease. 

The  eggs  of  Simulium  are  laid  in  gelatinous  masses 
or  strings  on  submerged  stones  and  water-weeds,  and  the 
larvae  are  aquatic.  The  larvae  usually  live  only  in  the 
well-aerated — though  not  necessarily  clean — water  of  rapid 
brooks,  but  Edwards  states  that  one  British  species  is 
troublesome  in  a  locality  where  there  is  no  running  water. 
Larvae  of  one  of  the  common  British  species,  removed  from 
their  natural  habitat  and  kept  with  proper  care  in  an 
aquarium,  will  live  for  a  few  days,  but  they  eventually  die 
asphyxiated  with  their  gills  extruded. 
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The  larva  (Fig.  38)  is  composed  of  12  not  very  well- 
defined  segments  besides  the  head,  and  is  shaped  something 
like  a  slender  flask,  its  after  part  being  moderately  inflated. 
The  well-chitinised  head,  in  addition  to  two  pairs  of  eye- 
spots,  a  pair  of  antennae,  and  mouth-parts  formed  for  biting, 
carries  a  pair  of  large  and  particularly  elegant  mouth- fans 
(Fig.  39)  each  of  which  is  composed  of  a  row  of  about  fifty 
long  and  regular  filaments  articulated  to  a  stout  flexile 
stalk ;  these  are  used  for  sweeping-in  food.  On  the  ventral 
surface  of  the  1st  segment  of  the  fleshy  body  there  is 
a  stumpy  leg  (formed  of  a  pair  of  fused  appendages) 
crowned  with  hooklets,  and  at  the  end  of  the  last  segment 
there  is  an  elegantly  burred  post-anal  sucker ;  these  are 


used  for  creeping,  after  the  manner  of  a  leech,  but  the 
front  foot  is  also  used  for  fashioning  the  silky  secretion 
of  the  salivary  glands,  and  for  pushing  food  towards  the 
mouth,  and  the  posterior  sucker  is  a  very  necessary  organ  of 
attachment,  one  of  the  most  characteristic  attitudes  of  the 
larva  being  to  sit  upright  on  submerged  stones  and  water- 
weeds  with  the  mouth-fans  standing  out  from  the  head 
like  a  pair  of  shaggy  ears.  The  larva  possesses  a  pair 
of  extremely  long  tubular  salivary  glands,  the  secretion 
of  which  forms  silky  threads  for  attachment — an  adaptation, 
like  the  sucker,  for  life  in  turbulent  waters.  Judging  from 
the  contents  of  the  alimentary  canal,  which  runs  straight 
through  the  body,  the  larvae  live  on  microscopic  vegetation. 
According  to  Miall  the  tracheal  tubes  are  large  and  give  off 
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a  network  of  fine  branches  to  the  skin ;  but  in  one  very 
common  British  species  breathing  seems  to  be  carried 
on,  very  much  as  it  is  in  certain  dragon-fly  larvae,  by 
delicate  rectal  gills  (Fig.  38)  which  are  alternately  extruded 
and  retracted. 

When  the  larva  is  about  to  pupate,  it  spins,  from  its 
salivary  glands,  a  silky  cocoon,  which  may  be  found  attached 
to  water-weeds,  etc.  The  cocoon  is  often  shaped  something 
like  a  slipper  (Fig.  40),  or  it  may  be  merely  a  widely  open 
pocket.  The  pupa  occupies  it  loosely,  holding  on  by  some 


rows  of  small  spinules  on  the  posterior  abdominal  segments, 
and  from  the  open  end  of  the  cocoon  the  pair  of  thoracic 
gill-tufts,  by  which  the  pupa  breathes,  floats  out.  The  larval 
stage  is  said  to  occupy  three  weeks  or  a  month  in  the 
summer,  and  the  pupal  stage  from  one  to  three  weeks ;  but 
larvae  hatched  in  autumn  do  not  pupate  until  the  following 
summer. 

Since  Simulium  is  in  many  places  such  a  formidable  pest, 
the  question  of  destruction  of  larvae  has  to  be  considered. 
Among  natural  enemies  trout  and  fish  of  similar  habitat 
come  first.  Miall  mentions  caddis-worms,  and  Mrs  Connal 
confirms  this  from  observation  in  the  laboratory.  Since  the 
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larvae  require  rushing  water,  it  has  been  recommended  that 
parts  of  streams  where  they  are  numerous  should  be  dammed, 
to  their  ultimate  destruction.  In  the  United  States  phinotas 
oil — a  heavy  oil  that  sinks — has  been  applied  even  to  run¬ 
ning  streams  with  much  success.  The  opposite  course  of 
scouring  out  the  bed  of  the  stream  and  clearing  away  all  the 
water-weeds  that  harbour  the  larvae,  has  also  been  recom¬ 
mended.  To  repel  the  adult  flies  (females)  some  distasteful 
application  may  be  used  ;  for  animals,  an  ointment  of  tar 
or  petroleum;  for  human  beings,  a  lotion  of  some  powerful 
essential  oil  made  up  with  a  solution  of  quinine  or  an 
infusion  of  quassia. 


CHAPTER  XII 


Harmless  Nematocera 

The  eight  remaining  families  of  Nematocera  are  not  of  any  particular 
interest  from  the  medical  standpoint,  but  the  medical  officer  should  be 
able  severally  to  distinguish  them  as  there  are  many  species  among  them 
that  might  be  confused  with  mosquitoes.  They  are  here  styled  harmless 
since  they  do  not  bite,  but  many  of  the  species  are  hurtful  to  agriculture. 

Family  Tipulid^e  ;  Crane-flies  or  Daddy-longlegs  (Lat.  tippula 

=  a  light,  long-legged  insect). 

This  family,  which  is  represented  in  all  parts  of  the  world,  includes  a 
great  many  species,  some  of  them  being  the  largest  of  all  Nematocera 
and  the  longest  of  all  Diptera.  In  the  great  majority  there  is  an  open 
V-shaped  suture  across  the  scutum  in  front  of  the  wings,  and  a  discal 
cell  in  the  wing.  The  legs  are  remarkably  long  and  delicate,  the 
genitalia  are  prominent,  and  the  proboscis  in  a  few  species  is  as 
elongate  as  that  of  any  mosquito.  One  of  the  species  having  a  long 
proboscis — Dicranomyia  cervus — is  said  by  Bodkin  and  Cleare  to  attack 
man  with  alacrity  in  British  Guiana.  Some  of  the  smaller  species 
dance  in  the  air  in  swarms  like  gnats.  The  larva  has  a  distinct  head 
with  antennae  that  usually  are  minute,  and  well-formed  mandibles  and 
maxillae  ;  on  the  ventral  surface  of  some  of  the  segments  of  the  body 
there  are  small  bristly  tubercles  for  locomotion.  The  larvae  of  most 
species  live  in  the  earth  or  in  rotting  wood,  but  some  live  on  the  leaves 
of  plants,  and,  being  coloured  green,  resemble  caterpillars,  and  some 
are  aquatic  and  have  a  long  contractile  breathing-tube  at  the  end  of  the 
body.  The  pupae  have  slender  thoracic  breathing-tubes,  one  of  which 
in  some  aquatic  forms  is  of  prodigious  length.  A  few  species  of 
Tiftulidce  are  wingless. 

Family  Dixid^e  (Gr.  dt%os  —  of  doubtful  position). 

This  family,  which  is  supposed  to  connect  the  Tifinlidce  with  the 
CulicidcB ,  contains  one  genus  Dixa ,  the  species  of  which  are  very  widely 
distributed.  The  adult  is  very  much  like  a  mosquito,  but  can  be  dis¬ 
tinguished  by  the  short  proboscis,  the  bare  wings,  and  the  curious 
course  of  the  2nd  longitudinal  vein,  which  arches  forward,  at  the  point 
of  origin  of  the  3rd  longitudinal,  in  such  a  way  that  its  proximal  part 
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appears  to  belong  to  the  latter,  an  arrangement,  however,  which  also 
occurs  in  the  Culicid  Corethrella.  The  larva  (Fig.  41)  has  a  certain 
amount  of  resemblance  to  a  Culicid  larva,  except  that  the  thorax  is  not 
differentiated  from  the  abdomen  :  it  consists  of  a  head  with  antennae, 
mandibles,  maxillae,  and  mouth-brushes  much  like  those  of  a  Culex 
larva,  and  of  12  body-segments  ;  on  the  dorsal  surface  of  the  penultimate 
segment  of  the  body  there  is  a  pair  of  breathing-openings  situated  in  a 
depression  which  is  protected  by  stiff  setose  flaps  as  in  Anopheles ;  on 


the  ventral  surface  of  some  of  the  body-segments  there  are  pairs  of 
spinose  pseudopods.  The  larva  creeps  about  on  aquatic  vegetation 
close  to  the  water’s  edge,  and  has  the  habit  of  carrying  its  body  strongly 
bent  ;  when  submerged  it  swims  by  vigorous  contortions.  The  pupa 
much  resembles  that  of  Culicidce.  In  the  female  Dixa  the  mandibles 
and  maxillae  are  sharp  needles,  and  the  epipharynx  (as  also  in  the  male) 
is  a  stout  beak. 

Family  Rhyphid.e. 

This  is  a  very  small  family  but  is  widely  distributed.  One  of  the 
species,  Rhyphus  fenestralis  (Fig.  42),  is  commonly  found  on  windows 
and  mistaken  for  a  mosquito,  or  even,  by  reason  of  its  spotted  wings,  for 


an  Anopheles.  The  antennae  are  of  fair  length,  are  composed  of  16 
segments,  and.  do  not  carry  whorls  of  hairs.  In  the  wings  there  is  a 
discal  cell,  and  the  2nd  longitudinal  vein  is  not  forked.  In  the  legs  the 
empodium  is  pulvillus-like,  and  the  true  pulvilli  are  vestigial.  The 
larva,  which  is  common  enough  in  cellars,  is  slender  and  worm-like. 

Family  CECIDOMYID/E  :  Gall-gnats  (Gr.  Krjds  =  SL  gall  ;  /met  =  fly). 

The  species  of  this  large  family  (Fig.  43)  are  small  (often  minute) 
delicate  midges,  with  long  (often  moniliform  and  plumose)  antennae,  long 
slender  legs,  and  broad,  filmy,  often  hairy  wings.  The  proboscis  is 
generally  short.  The  wings  commonly  have  only  three  longitudinal  veins, 
two  of  which  are  very  faint  ;  but  sometimes  there  are  four  or  five  ;  the 
costal  vein  is  continued  all  round  the  edge  of  the  wing.  The  tibiae  do 
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not  end  in  long  spines.  The'  larva  is  often  red  or  yellow,  is  stumpy,  is 
pointed  at  both  ends,  and  consists  of  a  head  and  the  very  unusual 
number  of  13  trunk-segments  ;  it  breathes  by  numerous  spiracles 
situated  on  the  sides  of  some  of  the  segments  :  in  many  species  there 
projects,  on  the  ventral  surface,  between  the  1st  and  2nd  body-segments 
a  curious,  often  pointed  or  serrated  process,  known  as  the  “breast-bone.” 
The  larvm  are  sometimes  found  in  decaying  wood  or  fungi,  but  generally 
are  parasitic  in  living  plants,  forming  excrescences  or  galls.  They  are 
occasionally  passed  in  stools.  The  “  Hessian-fly,”  so  destructive  to 
crops  in  some  parts  of  the  world,  is  the  larva  of  a  Cecidomyia .  The 
larvae  ol  a  few  species  bud-off  internally,  during  the  winter,  another 
generation  of  larvae  ;  these  consume  the  parent-larva,  escape  from  its 
empty  skin,  and  may'  themselves  repeat  and  suffer  the  same  process  ; 
and  this  may  go  on  through  several  generations,  until  the  summer, 
when  the  final  brood  completes  its  normal  development. 


Family  MYCETOPHlLlDiE  :  Fungus-gnats  (Gr.  /xiJKrjs  —  fungus  ; 

<pCKelv  —  to  love). 

In  the  species  of  this  large  family  (Fig.  44)  the  coxae  of  the  legs  are 
usually  much  elongated  and  the  tibiae  end  in  spines  ;  the  antennae  are 
long  and  slender  and  have  not  whorls  of  hairs  ;  ocelli,  which  may  be 
three  or  only  two  in  number,  are  generally  present  ;  the  costal  vein 
stops  at  the  tip  of  the  wing.  The  larva  is  worm-like,  but  has  a  distinct 
head  with  well-formed  mouth-parts  ;  it  usually  has,  like  the  Cecidomyid 
larva,  numerous  lateral  spiracles  on  the  body.  The  larvae  are  gregarious, 
and  often  have  a  preference  for  fungi,  whence  the  name  fungus-gnats  ; 
some  spin  a  silky  web  for  common  protection,  some  are  luminous,  and 
some  exude  a  slimy  mucus.  Those  of  certain  species  of  Sciara  found  on 
the  continent  of  Europe  and  in  North  America  are  said  to  stick  together 
in  long  coherent  strings  which  progress  bodily  like  snakes — a  remarkable 
instance  of  puzzling  corporate  action.  The  larvae  of  a  minute  wingless 
Mycetophilid  are  said  to  damage  stored  potatoes.  A  species  of  Sciara 
is  known  in  America  as  the  Yellow-fever  fly,  because  in  certain  places  in 
the  southern  States  its  appearance  in  unusual  numbers  has  several  times 
coincided  with  an  epidemic  of  that  disease.  In  the  subfamily  ( Sciarincc ) 
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to  which  Sciara  belongs  the  coxae  are  only  moderately  elongated  and 
the  form  of  the  body  is  often  not  characteristically  gnat-like. 

There  are  several  species  of  MycetofthilidcE  in  which  the  proboscis  is 
slender  and  elongate  like  that  of  a  mosquito. 

Family  Bibionid/e  (Lat.  Bibio  =  a  must  insect). 

The  species  of  this  family  are  found  in  most  parts  of  the  world  ;  some 
of  them,  in  northern  latitudes,  appear  in  swarms  in  the  spring.  In  colour 
they  are  generally  black  or  red,  or  sometimes  yellow  ;  and  in  form  they 
are  often  stout  and  unmidgelike.  The  antennae,  which  are  shorter  than 
the  thorax  and  do  not  bear  whorls,  of  hairs,  are  composed  of  numerous 
(8  to  16)  short,  broad,  compact  segments.  The  tibiae  of  the  front  legs 
end  in  a  hook  or  a  circlet  of  small  spines.  The  wings  are  large  and  the 
costa  does  not  extend  beyond  their  tip.  Ocelli  are  present  and  are  very 
distinct,  and  in  the  male  the  compound  eyes  are  generally  large  and  are 
sometimes  hairy.  The  larva  has  a  well-formed  head  with  biting  mouth- 
parts  ;  there  are  belts  of  bristles  or  spines  round  the  trunk-segments, 
and  numerous  lateral  spiracles.  The  larvae  of  some  species  feed  on  the 
roots  of  plants  and  may  do  injury  to  grass  and  crops.  A  British  species 
of  this  family,  Dilophus  febrilis ,  is  known  as  the  fever-fly. 

Family  Blepharocerid^e  (Gr.  (3\e<papls  =  eyelash  ;  Kepas  =  antenna). 

This  is  a  small  group  of  mosquito-like  flies  found  mostly  in  America 
in  the  neighbourhood  of  streams,  but  also  occurring  in  Europe  and  Asia. 
They  are  distinguished  from  all  other  flies  by  the  wings,  which  in  addition 
to  the  ordinary  venation  have  a  fine  net-work  of  creases  (“secondary 
venation  ”)  resulting  from  the  folding  of  the  wings  in  the  pupal  stage. 
According  to  Williston  the  proboscis  is  elongate,  as  are  the  other  mouth- 
parts,  and  in  the  female  long  slender  serrated  mandibles  are  present, 
the  female  being  predaceous  on  other  flies.  The  antennae  are  slender 
and  are  without  whorls  of  hairs.  On  the  scutum,  in  front  of  the  wings, 
there  is  an  interrupted  transverse  suture.  The  larvae,  which  live  in  rapid 
streams,  are  said  to  resemble  a  small  Crustacean  rather  than  the  larva  of 
an  insect  ;  they  are  composed  of  a  small  number  of  segments  separated 
by  deep  constrictions,  and  on  the  ventral  surface  there  is  a  row  of  suckers 
some  of  which  bear  tufts  of  tracheal  gills.  The  pupae  also  are  said  to  be 
peculiar,  having  a  soft  flat  ventral  surface  with  suckers  for  clinging  to 
stones  in  the  bed  of  the  streams  in  which  they  live,  and  a  hard  convex 
dorsal  surface  from  which,  anteriorly,  a  pair  of  tracheal  breathing-organs 
projects. 

Family  ORPHNEPHlLiDyE  (Gr.  dp<pvy  =  gloom  ;  tf>CKeiv  =  to  love). 

This  family  includes  a  single  genus  Orfthnefthila ,  the  species  of  which, 
though  few  in  number,  are  widely  distributed.  They  are  small  brown. or 
yellowish  flies  with  antennae  that  appear  to  consist  of  2  segments  and  a 
terminal  arista  ;  but  both  the  2nd  segment  and  the  arista  are  complex, 
and  are  together  composed  of  10  or  n  subsegments.  In  both  sexes 
the  eyes  are  large  and  meet  across  the  head. 


CHAPTER  XIII 


The  Brachycerous  Diptera 

In  the  Brachycerous  Flies  the  antennae  usually  consist  of 
3  dissimilar  segments  of  which  the  third  is  often  elongate, 
is  sometimes  composed  of  several  indistinctly-separated  and 
not-independently-movable  subsegments,  and  sometimes 
carries  a  terminal  or  subterminal,  rarely  dorsal,  arista,  or 
a  terminal  style.  Sometimes  the  antennae  consist  of  4  or  5 
segments,  and  in  certain  species  of  two  families  (. Leptidce  and 
Stratiomyidce)  the  segments  are  numerous.  The  maxillae  are 
commonly  well  developed  in  the  female.  The  maxillary 
palps  are  usually  composed  of  1  or  2  segments  and  are 
stiffly  extended.  The  venation  of  the  wings  is  often  com¬ 
plex  ;  the  2nd  longitudinal  vein  is  not  forked,  but  the  third 
and  4th  often  are. 

This  section  embraces  fifteen  families  of  flies,  in  one  of 
which — the  large  family  Tabanidce ,  or  Gadflies — the  females 
habitually  suck  blood,  while  in  another — the  Leptidce — there 
are  a  few  blood-sucking  species,  and  in  a  third — the  Asilidce , 
or  Robber-flies  —  certain  species  have  occasionally  been 
reported  as  attacking  man. 

On  the  other  hand  the  species  of  several  large  families 
are  habitually  predaceous  on  other  insects,  some  of  them 
being  largely  or  exclusively  predaceous  on  other  flies,  and  so 
are  to  be  regarded  as  probable  or  possible  benefactors  of  man. 

In  the  following  synopsis  the  families  which  affect  man 
in  any  way,  for  good  or  ill,  are  printed  in  capitals  and  will 
be  considered  in  the  sequel : — 

Synopsis  of  the  Families  of  Brachycera. 

I.  The  3rd  antennal  segment  is  composed  of  a  series  of  indistinctly- 

separated  subsegments  ;  the  empodia  are  pulvilliform  ;  the  3rd  and 

4th  longitudinal  veins  are  forked  : — 

(a)  The  costal  vein  extends  all  round  the  wing  ;  squamae  large  ;  the 
3rd  antennal  segment  never  has  a  style  or  arista  Tabanid/e 
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(b)  The  costal  vein  extends  all  round  the  wing  ;  squamae  small  ;  the 

3rd  antennal  segment  may  have  a  style  or  arista  or  not,  or  the 
antenna  may' consist  of  a  large  number  of  segments  Leptid^. 

(c)  The  costal  vein  does  not  reach  beyond  the  tip  of  the  wing 

StratiomyidcE  and  Acanthomeridaz . 

II.  The  3rd  antennal  segment  is  simple,  not  compound,  and  may  have 
a  style  or  arista,  or  not  ;  the  empodia  are  pulvilliform  : — 

(a)  Head  small,  formed  almost  entirely  by  the  eyes  ;  thorax  large  and 

humped  ;  squamas  peculiarly  large  ;  species  few  Acroceridce. 

(b)  Squamae  small  or  moderate  ;  venation  of  wings  peculiarly 

intricate,  and  most  of  the  veins  curved  forward  Nemestrinidce. 

(c)  Squamae  small  ;  wing-venation  more  or  less  like  Tabanus 

(Fig.  8)  Leptid^e. 

III.  The  3rd  antennal  segment  is  simple,  and  may  have  a  style  or  arista, 
or  not ;  the  empodia,  when  present,  are  bristle-like  ;  the  3rd  longi¬ 
tudinal  vein  is  forked  (and  often  the  4th  also)  : — 

(a)  Crown  of  head  concave  between  the  eyes  : — 

i.  The  proboscis  is  a  rigid  chitinous  dagger ;  bristly,  hairy 

flies  Asilid/e. 

ii.  The  proboscis  has  fleshy  labella  ;  antennae  of  4  segments 

Midaidce. 

(b)  Crown  of  head  not  excavated  between  the  eyes  :  — 

i.  Wing  with  five  posterior  cells,  the  3rd  and  4th  longitudinal 

veins  curve  forwards  ;  only  about  twelve  species  known 

AftioceridcE. 

ii.  Wing  with  five  posterior  cells,  the  4th  longitudinal  vein  does 

not  curve  forwards  ;  predaceous  flies  Therevid^E. 

iii.  Wing  with  three  or  four  (rarely  five)  posterior  cells  and  often 

with  dark  markings  ;  anal  cell  large  ;  often  hairy  bee-like 
flies,  commonly  with  a  long  slender  proboscis  and  minute 
pulvilli  and  claws  BOMBYLIID/E. 

iv.  Wing  with  three  or  four  posterior  cells,  anal  cell  often  small ; 

femora  and  tibiae  often  with  combs  of  spinules  ;  smallish 
dull-coloured  predaceous  flies  usually  with  a  stiff  proboscis 
for  impaling  prey  ;  empodia  present  Empidid^E. 

v.  Wings  with  three  posterior  cells  ;  proboscis  not  projecting  ;  no 

empodia;  usually  found  on  windows;  species  few  Scenopinidcz. 

IV.  The  3rd  antennal  segment  is  simple,  usually  oval,  and  may  have 
an  arista  or  not ;  the  empodia  when  present  are  bristle-like  ;  3rd 
longitudinal  vein  not  forked 

(a)  Wings  shaped  like  a  lance-head,  the  venation  somewhat  as  in 

Psychodidas  ;  only  one  genus  and  few  species  Lonchoft teridce. 

(b)  Second  basal  cell  confluent  with  discal  cell ;  anal  cell,  if  present, 

small ;  long-legged,  usually  brilliant-coloured  flies  with  metallic 
sheen  DoLiCHOPODiDiE. 

(c)  Second  basal  and  discal  cells  either  confluent  or  distinct ;  anal 

cell,  if  present,  small  ;  not  brilliant-coloured  flies  Empidid^E. 
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Family  Tabanida:;  Gadflies,  Cleggs,  Breese-flies, 
Seroot-flies.  (Lat.  Tabanus  =  a  gadfly.) 

The  flies  of  this  large  family  are  commonly  of  stout 
build  and  large  size,  seldom  very  small.  The  big  head  is 
in  the  male  almost  wholly  formed  by  the  eyes,  which  meet 
across  the  crown  ;  in  the  female  also  the  eyes  are  large,  but 
a  space  is  left  between  them,  which  generally  bears  a  shiny 
streak  or  spot,  known  as  the  callus.  In  life  the  eyes  are  finely 
coloured,  or  iridescent,  and  may  be  marked  with  purple  or 
bronze  bands  or  spots.  The  antennae  consist  of  3  segments, 
the  3rd  of  which  is  composed  of  4  to  8  subsegments  incom¬ 
pletely  fused  together.  The  mouth-parts  (Fig.  45)  are 


Fig.  45.— Mouth-parts  of  Tabanus.  (  9 .) 


formed  for  stabbing  and  cutting;  as  a  rule  the  labium  is 
coarse  and  fleshy  and  the  labella  are  large,  the  epipharynx 
and  hypopharynx  are  dagger-shaped — the  one  being  ventrally 
concave,  the  other  cannulate — the  mandibles  have  the  form 
of  lancets,  and  the  maxillae  are  distally  serrated.  The 
maxillary  palps  consist  of  2  segments,  of  which  the  2nd  is 
often  large  and  tumid.  The  thorax  and  abdomen  are 
clothed  with  short  hair  and  are  often  striped  or  banded  or 
symmetrically  marked.  The  abdomen  is  composed  of  7 
visible  segments.  The  legs  are  stout,  the  pulvilli  and 
empodium  are  large  membranous  plates.  The  wing- venation 
is  shown  in  Fig.  8 ;  the  3rd  and  4th  longitudinal  veins  are 
forked,  so  that  there  are  two  submarginal  and  five  posterior 
cells.  The  squamae  are  large. 

The  eggs  are  laid  in  masses  (Fig.  46)  on  leaves  and  stems 
of  plants — or  sometimes  on  rocks — in  the  neighbourhood  of 
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water.  The  larvae,  which  are  extremely  rapacious,  are  more 
or  less  aquatic  in  their  earliest  stages,  and  in  their  later 
stages  live  in  moist  earth  in  proximity  to  water,  or  in  the 


matted  debris  of  water-weeds,  or  occasionally  in  damp  rotting 
wood.  The  larva  (Fig.  4 7)  is  cylindrical,  and  pointed  at  both 
ends  ;  it  consists  of  a  head,  which  is  extremely  retractile,  and 
13  body-segments,  the  first  of  which  is  retractile  and  is  so 


Fig.  47. — Larva  of  Tabanus  pertinens.  Ventral  view. 


small  that  it  is  often  overlooked  ;  the  head  (Fig.  48)  carries 
a  pair  of  antennae,  a  pair  of  powerful  curved  mandibles,  and 
a  pair  of  curved  maxillae  with  segmented  palps ;  the  minute 
terminal  segment  of  the  body  ends  in  a  more  or  less 


clypeus 


Fig.  49. — Pupa  of  Hcematopota. 


Fig.  48. — Head  of  Tabanus  Larva. 

retractile  breathing-tube  ;  most  of  the  body-segments  behind 
the  apparent  third  bear  conspicuous  pseudopods.  The  pupa 
(Fig.  49)  is  much  like  that  of  the  Lepidoptera.  In  temperate 
regions  the  entire  term  of  development  occupies  nearly  a 
year,  but  in  the  tropics  it  is  said  to  be  much  less. 
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The  males  of  Tabanidae  suck  the  nectar  of  flowers,  but 
the  females  are  extremely  blood-thirsty,  attacking  man  as 
freely  as  they  do  other  mammals,  though  they  do  not,  except 
in  jungly  sites,  come  into  houses  for  the  purpose.  Several 
species  have  been  shown  to  be  mechanical  transmitters  of 
trypanosomes  pathogenic  to  domestic  animals  ;  but  so  far  as 
man  is  concerned,  the  only  “  carriers  ”  at  present  known  are 
two  West  African  species  of  Ckrysops ,  which,  as  Manson 
suspected  many  years  ago,  transmit  by  their  bite  the 
embryos  of  the  Filaria  that  causes  Calabar  Swelling  (. Filaria 

loa).  The  Tabanidae  are  active  only  in  fine  weather,  and  in 
a  bright  day — 

“The  herd  hath  more  annoyance  by  the  breese  than  by  the  tiger.” 

About  1600  species  of  Tabanidae  are  known,  from  all 
parts  of  the  world,  and  up  to  an  altitude  (in  Central  Asia)  of 
at  least  15,000  feet.  They  are  generally  grouped  in  two 
subfamilies/’  which,  however,  are  rather  artificial,  namely 
Tabamnce  in  which  there  are  no  ocelli  and  no  spurs  on  the 
hind  tibiae,  and  Pangonince  in  which  both  these  structures  are 
present  usually.  Of  Tabamnce  about  fifteen  genera  have 
been  proposed,  of  which  only  two,  namely  Tabanus  and 
Ffcematopota ,  are  universally  dispersed.  Of  Pangonince  about 
the  same  number  of  genera  are  recognised,  and  three  of 
them,  namely  Pangonia ,  Chrysops ,  and  Silvias,  are  of  wide 
occurrence. 


Subfamily  TABANlNdE.1 


The  following  synopsis  of  the  genera  is  adapted  from  Miss  Gertrude 
Ricardo’s  Revision  of  the  family  ( Annals  and  Magazine  of  Natural 
History ,  1 90 1  - 1 904 )  :  — 


r. 


2. 


/ 

( 

I 

1 


Third  antennal  segment  composed  of  four  pieces  and  not 
angulated  at  base  =  2. 

third  antennal  segment  composed  of  five  pieces  =  6. 

The  four  component  pieces  are  distinct,  so  that  the  antenna  as  a 
whole  looks  6-segmented  =  Hexatoma,  Meigen  (Europe) 
The  four  component  pieces  not  conspicuously  separated  =  3. 
Wings  profusely  scribbled  with  fine  light  wavy  and  ring-like 
marking's  Haaiatopota. 

=  4- 


Wings  not  so  marked 


1  Miss  Ricardo  has  recently  proposed  a  new  genus  Neobolbodimyia 
for  a  species  from  New  Guinea  resembling  Bolbodimyia  but  having 
a  narrow  front  and  the  3rd  antennal  segment  Tabanus-Wke. 


K 
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5- 


6. 


8. 


12. 


7- 


/  Eyes  hairy  Dasybasis ,  Macquart  (Chili  and  Australia). 

\  Eyes  bare  =  5* 

r  Antennae  elongate  and  slender,  outer  surface  of  palpi  shiny 

Hippocentrum  (Africa). 

I  Antennae  elongate  but  not  particularly  slender,  palpi  not  shiny 
l  Holcoceria  (Africa) 

f  First  antennal  segment  globous,  situated  on  a  protuberance 
J  =  Bolybodimyia ,  Bigot  (Venezuela). 

1  First  antennal  segment  not  globous  =  7- 

r  Third  antennal  segment  not  dorsally  angulated  or  toothed  at 
I  base  =  8. 

4  Third  antennal  segment  dorsally  angulated  or  toothed  at  base 


=  io. 


IO. 


1 1. 


Body  with  metallic  scales 

Lepidoselaga ,  Macquart  (South  America). 
Abdomen  short  and  flat  with  general  metallic  sheen 

Selasoma ,  Macquart  (South  America). 
Body  without  any  sort  of  metallic  lustre  =  9. 

Antennae  long  and  slender,  situated  on  a  frontal  tubercle 

Udenocera ,  Ric.  (Ceylon). 

Antennae  not  so  particularised 

Diachlorus ,  Osten  Sacken  (America  and  Philippines). 

{Third  antennal  segment  with  a  long  spine  at  base  =11. 

Third  antennal  segment  with  merely  an  acute  tubercle  at  base 

=  12. 

r  Antennae  long  and  slender,  the  3rd  segment  hairy 

Acanthocera ,  Macquart  (South  America  and  Australia). 
4  Third  antennal  segment  slender,  not  hairy 

l  Dichelacera ,  Macquart  (South  America), 

f  Abdomen  short,  stout,  and  very  convex 

1 


Stibasoma ,  Schiner  (America). 
Abdomen  not  peculiarly  squat  =  13. 

r  Antennae  not  peculiarly  prominent,  frontal  callus  usually  present 

Tabanus,  L. 

*3’  4  Antennae  situated  on  a  tubercle,  no  frontal  callus 

l  Neotabanus ,  Ric.  (Ceylon). 


Genus  Tabanus ,  L.  (Fig.  50).  The  species,  which  number 
many  hundreds,  are  found  in  every  part  of  the  world.  They 
are  of  stout  build,  and  have  short  antennae,  consisting  of 
2  small  segments  followed  by  a  third  which  is  composed 
of  five  pieces  and  is  dorsally  angulated  or  spurred  at  base. 
The  eyes,  even  in  the  female,  are  close-set,  the  proboscis 
is  coarse,  and  the  palpi  are  formed  chiefly  by  the  large  2nd 
segment.  The  wings  may  have  conspicuous  dark  markings  or 
may  be  entirely  smoky  but  are  much  oftener  quite  transparent. 
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The  post-embryonic  development  of  T.  stnatus ,  a  common 
Oriental  species,  has  been  carefully  observed  by  M.  B. 
Mitzmain  in  the  Philippines.  In  this  species  the  female  lays 
from  270  to  425  eggs  in  a  mass,  the  operation  lasting  from 
forty  to  forty-five  minutes,  and  the  eggs  hatch  in  three  to 
five  days.  The  larva  (Fig.  47)  in  its  earliest  stages  is 
aquatic,  and  has  a  distinct  posterior  breathing-tube :  it  is 
voracious,  but  can  resist  starvation  for  ten  to  twelve  days. 
It  moults  three  times,  and  after  the  second  moult  its  fleshy 
pseudopods  become  larger  and  the  breathing-tube  is  less 
conspicuous.  The  larval  stage  lasts  about  six  weeks,  but 


Fig.  50. — Tabanus. 


may  be  prolonged  to  more  than  three  months.  The  pupa 
buries  itself  to  some  depth  in  the  earth,  and  this  stage  lasts 
in  the  male  from  three  to  seven  days,  in  the  female  four 
to  nine  days.  The  minimum  term  from  deposition  of  egg  to 
emergence  of  female  fly  from  its  pupal  state  is  said  by 
Mitzmain  to  be  fifty-two  days. 

The  salutms  in  India  long  ago  attributed  surra  to  the 
bite  of  Tabanus ,  and  M.  B.  Mitzmain  in  the  Philippines  has 
demonstrated  this  to  be  the  actual  fact  with  T.  striatus . 

Genus  Hcematopota ,  Meigen.  The  species  of  this  genus 
are  very  numerous  and  are  found  in  most  parts  of  the  world, 
but  their  stronghold  is  Tropical  Africa.  Forest  glades  are 
their  favourite  haunt.  They  are  distinguished  by  their 
greyish  wings  scribbled  with  light  spirals  or  broken  rings 
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(Fig.  52)  and  sometimes  also  flecked  or  mottled  with  brown. 
Of  the  antennae  the  middle  segment  is  short,  and  the  3rd 
segment,  which  is  the  longest,  is  composed  of  four  (occasion¬ 
ally  three)  pieces,  and  is  not  angulated  at  base.  The  head 
is  broad,  the  eyes  of  the  female  are  widely  separated,  and 
the  body  is  of  rather  slender  make  and  sombre  colour.  In 
some  species  the  colouring  of  the  male  is  conspicuously 
unlike  that  of  the  female.  The  larva  of  H.  pluvialis ,  a 
common  British  species,  lives  nearly  a  year,  and  when  well 
grown  may  be  found  in  damp  gritty  soil  near  water.  The 
ideal  breeding-place  for  this  species  seems  to  be  a  well- 
drained  slope  close  to  water  and  near  some  spot  where  there 
are  light,  shade,  and  plenty  of  flowering-plants  to  supply  food 
for  the  male  parent. 


Genus  Lepidoselaga ,  Macquart.  The  three  known  species 
of  this  genus  are  restricted  to  South  America,  and  one  of 
them,  known  in  the  vernacular  as  Motuca ,  has  been  called 
“the  scourge  of  the  Upper  Amazons.”  Their  distinctive 
character  is  furnished  by  the  scales  of  metallic  lustre  which 
are  scattered  over  the  body.  The  antennae  are  like  those  of 
Tab  anus,  except  that  the  3rd  segment  is  not  angulated  at 
base. 


Subfamily  Pangoniince. 

The  following  synopsis  of  the  genera  is  adapted  from  Miss  G. 
Ricardo  : — 

f  Third  antennal  segment  composed  of  eight  (or  seven)  pieces  =  2. 
1  Third  antennal  segment  composed  of  five  (or  four)  pieces  =12. 

r Third  antennal  segment  with  a  basal  tooth 
2.  J  Dicrania ,  Macquart  (Brazil). 

(.Third  antennal  segment  with  no  basal  tooth  =  3* 
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4- 


5. 


6. 


7- 


8.  4 


9- 

10. 

I  1(2. 


1 1 A 


I  I  c. 


12. 


T  ^ 


14. 


/Wings  short  ;  body  flat,  elliptical  Apocampta,  Schiner  (Australia) 
l  Wings  not  short  —  ^ 

r Third  antennal  segment  with  each  component  piece  branched 

|  Pityocera ,  Tos  (Darien) 

iThird  antennal  segment  normal  —  5 

c Upper  corner  of  eye  terminating  in  an  acute  angle 

4  Goniops ,  Aldrich  (North  America) 

lUpper  corner  of  eye  not  forming  an  acute  angle  =  6 

C Antennae  deep  seated  ;  palpi  very  large 

j  Cadicera ,  Macquart  (South  Africa) 

^Antennae  and  palpi  not  thus  particularised  =  7 

Antennae  awl-shaped  ;  end  of  proboscis  hatchet-shaped  ;  anal  cell 
open  and  anal  vein  curved 

Pelecorhynchus ,  Macquart  (Australia  and  South  America). 
Antennae,  proboscis,  anal  vein,  etc.,  not  thus  particularised  =  8. 

Proboscis  extremely  short,  almost  minute  ;  palpi  cup-shaped  in 
profile  Adersia ,  Austen  (Zanzibar). 

Proboscis  scarcely  extending  beyond  palpi 

Apatolestes ,  Williston  (California). 
Prosboscis  extending  beyond  palpi,  sometimes  very  much  elon- 
v  gated  =  9. 

/  Wings  with  4th  posterior  cell  closed  =  IO> 

1  Wings  with  4th  posterior  cell  open  =  u  a,  b,  c. 

f  Eyes  bare  Dor  calamus,  Austen  (South  Africa). 

(Eyes  hairy  Scione ,  Walker  (South  America,  Seychelles,  Australia). 

Wings  with  1st  posterior  cell  closed  ;  eyes  naked  Pangonia ,  Rond. 
Wings  with  1st  posterior  cell  closed  ;  eyes  hairy 

Pangonia,  subgen.  Erephrosis ,  Rond. 
Wings  with  1st  posterior  cell  open  ;  eyes  hairy 

Diatomineura ,  Rond. 

Wings  with  1st  posterior  cell  open  ;  eyes  bare 

Diatomineura ,  subgen.  Corizoneura. 

{Wings  with  1st  posterior  cell  closed  ;  antennae  long  and  narrow 

Mycteromyia ,  Phil. 

As  Mycteromyia ,  but  1st  segment  of  palpi  thickened 

Scepsis ,  Walker  (South  America). 
/First  2  segments  of  antennae  short 
(All  3  segments  of  antennae  long 

Second  abdominal  segment  unusually  large 

Pronopes ,  Loew  (Cape  of  Good  Hope). 
Second  abdominal  segment  not  unusually  large  =  14. 

Face  immediately  below  the  antennae  with  a  sort  of  concave 
snout  ;  3rd  antennal  segment  with  a  long  basal  spine 

Rhinomyza ,  Wiedemann  (Africa,  Java). 
Face  not  so  produced  =  15. 


{ 


=  13- 

Chrysops,  Meigen. 
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'Wings  with  ist  posterior  cell  open  Silvius,  Rond. 

Wings  with  ist  posterior  cell  closed  Esenbeckia ,  Rond.  (Brazil). 

Wings  with  ist  and  4th  posterior  cells  closed  ;  proboscis  and 
labella  slender  and  elongate  ;  palpi  very  slender  ;  3rd 
antennal  segment  composed  of  four  pieces  ;  no  frontal  callus 
I5"  ]  JEgofthagomyia ,  Austen  (Zanzibar). 

Wings  with  ist  and  4th  posterior  cells  closed  ;  proboscis  short, 
labella  large  ;  frontal  callus  present  Bouvierella ,  Surcouf. 

Third  antennal  segment  with  an  acute  basal  spine 

Gastroxides ,  Saunders  (India). 

Miss  Ricardo  has  recently  proposed  the  following  new  genera  of 
Australian  Pangonince  : — 

Canoprosopon,  Ricardo.  Antennae  small,  the  3rd  segment  composed 
of  eight  pieces  ;  palpi  enormous,  club-shaped,  the  inner  surface  almost 
bare. 

Demoplatus ,  Ricardo.  Third  antennal  segment  composed  of  eight 
pieces  ;  in  the  female  the  front  is  broad  and  concave  and  the  palpi  are 
club-shaped  ;  in  the  male  the  face,  palpi,  and  antennas  are  very  hairy. 

Pseudotabanus ,  Ricardo.  Third  antennal  segment  composed  of 
eight  pieces.  Superficially  resembles  Tabanus  (but  with  ocelli  and 
spurs). 

Pseudopangonia,  Ricardo.  Antennae  small,  the  3rd  segment  com¬ 
posed  of  four  pieces  of  nearly  equal  length.  Proboscis  short ;  palpi 
small  and  slender. 

Genus  Pangonia ,  Latr.  (Fig.  53).  The  characteristic 
feature  of  this  genus  is  the  slender,  pointed  proboscis,  which, 
though  in  some  species  of  quite  moderate  length,  may  in 
others  be  more  than  twice  the  length  of  the  body.  The 
abdomen  is  rather  broad  and  squat ;  the  antennae  are  quite 
short,  and  their  3rd  segment,  which  has  no  basal  tooth,  is 
composed  of  seven  or  eight  pieces.  The  species  are  found 
in  all  warm  parts  of  the  world  :  it  has  been  doubted  whether 
those  with  the  extremely  long  labium  are  mechanically 
capable  of  biting,  but  in  some  cases  they  are  said  to  solve 
the  difficulty  by  biting  while  on  the  wing,  and  in  at  least 
two  South  American  species  it  seems  to  be  capable  of  being 
retracted  and  coiled. 

Genus  Silvius.  The  species  of  this  genus  occur  in  all 
warm  parts  of  the  world.  Many  of  them  resemble  a 
Tabanus ,  having  the  same  short  antennae  with  the  first  two 
segments  much  abbreviated,  and  the  3rd  segment  angulated 
at  base,  and  composed  of  five  pieces  ;  but  the  ocelli  and  the 
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spurs  on  the  hind  tibiae  distinguish  them,  and  also  the 
proboscis  and  the  palpi  are  much  slenderer. 


ocelli 


Genus  Chrysops ,  Meigen  (Fig.  54).  The  species  of  this 
very  wide-ranging  genus  are  recognised  by  their  long,  slender 
antennae,  which  are  composed  of  three  segments  of  about 
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equal  length,  the  third  being  formed  of  five  pieces;  and  by 
their  green  or  golden  eyes  spotted  with  purple.  The  bite 
of  certain  species  is  said  to  be  extremely  painful,  and  even 
to  become  inflamed  and  to  cause  fever.  The  larvae  of  a 
common  British  species  ( Chrysops  relicta )  are  found  in  gritty, 
damp  (but  not  water-logged)  soil  near  water ;  the  ideal 
breeding-ground  seems  to  be  a  gentle  slope  at  the  edge  of 
a  lake  or  pond,  at  a  spot  where  there  exist  together  light 
shade,  abundant  long  grass,  and  plenty  of  flowering  plants 
suitable  for  the  males. 

Chrysops  dimidiata ,  v.  d.  Wulp  (Fig.  55),  is  a  West  African 
species,  very  common  at  certain  times  of  the  year,  and  much 
feared  for  its  bite,  which  is  said  to  cause  swelling,  lymphatic 
induration,  and  fever  :  it  has  also  been  supposed  by  Manson 
to  be  the  natural  carrier  of  the  embryo  of  the  Filaria  loa , 
the  parasite  of  Calabar  Swelling.  In  this  species  the  face 
and  palpi  are  yellow ;  the  scutum  is  black  with  yellow 
stripes  ;  the  abdomen  is  yellow  with  dusky-brown  tip,  and 
two  long,  broadish,  slightly  sinuous,  longitudinal  dark  brown 
dorsal  lines  ;  the  legs  are  yellow  with  dark  tibiae  and  tarsi ; 
and  the  distal  half  of  the  wings  is  smoky,  but  not  darkly  so. 

Chrysops  silacea ,  Austen.  This  species  is  now  regarded 
by  its  author  as  a  variety  of  C.  dimidiata :  it  is  a  common 
West  African  form,  notorious  for  the  venomous  severity 
of  its  bite,  and  it  also  is  supposed  to  be  a  natural  carrier 
of  the  Filaria  of  Calabar  Swelling.  It  differs  from  C. 
dimidiata  in  having  the  abdomen  red  or  reddish,  with 
dusky  brown  tip,  and  two  short,  narrow,  slightly  curved 
or  sinuous  dark  lines  dorsally ;  and  the  legs  reddish  with 
dark  brown  tarsi. 

Chrysops  fixissima ,  Fabr.  This  species  is  said  by  Dr  E. 
L.  Mansel  in  North  Borneo,  where  it  is  known  as  “Pikat,” 
to  inflict  a  bite  which,  though  not  painful  at  the  moment, 
causes  much  local  swelling  and  spreading  induration,  with 
nausea  and  malaise  that  may  last  for  forty-eight  hours. 
It  is  a  largish  species  of  a  general  dark  colour,  but  with 
yellow  face  and  palpi,  yellow  tomentum  on  the  thorax, 
the  2nd  abdominal  tergum  yellowish-white  with  black 
posterior  border,  and  the  other  abdominal  terga  yellowish- 
brown  becoming  darker  at  the  posterior  edge.  The  legs 
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are  dark  with  a  greenish -yellow  or  greenish-brown  suffusion, 
the  femur  being  lighter  than  the  other  segments. 

Family  Leptid/e  (Xeirros  —  slender).  The  Leptidce  are  a  widely 
distributed  family  of  dull-coloured  flies  showing  considerable  diversity 
of  form.  Many  have  a  slender,  tapering  body,  and  long,  slender 
legs,  and  some  of  these  slender  species  are  almost  gnat-like  in 
appearance.  The  form  of  the  antenna  is  particularly  varied  ;  it  may 
consist  of  3  simple  segments,  either  with  or  without  a  terminal  or 
dorsal  bristle  ;  or  of  3  segments  with  the  3rd  compound  as  in  Tabanidce  ; 
or  it  may  be  coarsely  nematocerous.  The  empodia  are  expanded.  The 
wings  are  often  blotched,  and  the  venation  is  commonly  like  that  of  the 
Tabanidce j  but  the  squamae  are  small  or  vestigial. 

Some  Leptidae  are  predatory  on  other  insects,  and  a  few  species 
(European  and  American)  are  known  to  suck  blood.  The  larvae  are 


predaceous,  and  those  of  one  genus  ( Vermileo )  make  pitfalls  in  sand 
like  the  ant-lions. 

Austen  cites  four  blood-sucking  species  of  Leptidce ,  namely :  Sym- 
fthoromyia  in  America,  Leptis  scolopacea  and  strigosa  in  France,  and 
Trichopalpus  obscurus  in  Chili. 

In  Symphoromyia  the  antennae  are  composed  of  3  segments  with  an 
arista,  the  3rd  segment  being  kidney-shaped  ;  the  proboscis  is  short  ; 
the  front  tibiae  have  no  terminal  spurs,  and  the  hind  tibiae  have  a 
single  spur ;  and  the  wing-venation  is  like  that  of  Tabanidce ,  with 
the  anal  cell  open. 

Leptis  differs  from  Symphoromyia  in  not  having  the  3rd  antennal 
segment  kidney-shaped,  and  in  having  two  spurs  on  the  hind  tibiae. 

In  Trichopalpus  the  proboscis  is  elongated. 

Family  Asilid/e  :  Robber-flies  (Fig.  56),  Lat.  Asilus  =  a  horse-fly). 
Usually  bristly,  elongate  flies — but  sometimes  thickly  hairy  and  bee- 
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like — with  remarkably  long,  strong,  bristly  legs.  The  head  is  broad 
and  short,  joined  to  the  thorax  by  a  very  distinct  and  mobile  neck, 
and  notched  on  the  crown  between  the  eyes.  Antennas  composed 
of  3  simple  segments,  with  or  without  a  terminal  bristle  or  style. 
Proboscis  strong,  chitinous,  and  pointed  ;  formed  for  stabbing. 
Abdomen  of  8  segments,  with  the  genitalia  conspicuous.  Empodium 
bristle-like,  or  absent  ;  pulvilli  usually  distinct,  claws  strong.  Wing- 
venation  complex,  with  two  or  three  submarginal  and  five  posteiior 
cells.  Squamae  small. 

The  Robber-flies  are  one  of  the  largest  families  of  Diptera,  and 
are  found  in  all  parts  of  the  world.  Some  of  them  are  very  large. 
They  live  entirely  upon  other  insects,  swooping  upon  them  and 
impaling  them  with  their  proboscis,  and  then  flying  off  with  them 
clasped  in  their  bristly  legs,  to  suck  them  at  leisure.  A  robber-fly 
will  often  thus  treat  an  insect  much  larger  than  itself.  Robber-flies 
have  been  said  to  suck  blood  occasionally,  and  several  medical  officeis 
from  Africa  have  stated  that  they  have  been  thus  attacked,  but  this 
behaviour  is  not  usual. 

Family  Therevid^e  (Qrjpeve'iv  =  to  hunt).  The  flies  of  this  family 
have  some  resemblance  to  small  robber-flies,  but  the  labella  are  fleshy 
(not  pointed  and  chitinous),  the  legs  are  not  so  stout,  and  the  crown  of 
the  head  is  not  deeply  notched  between  the  eyes.  They  are  predaceous 
and  prey  chiefly  on  other  flies. 

Family  EMPiDiDiE  (e/m-ts^a  gnat).  Usually  dull-coloured  flies  of 
small  size.  The  wing-venation  is  very  variable,  the  3rd  and  4th  longi¬ 
tudinal  veins  may  be  forked,  and  the  anal  cell  may  be  large,  or  the 
venation  may  be  as  simple  as  that  of  a  house-fly  ;  sometimes  there  is 
no  discal  cell.  Head  spherical,  eyes  usually  large.  Antennae  of  2  01 
3  segments,  with  or  without  a  terminal  style  or  a  bristle  which  is 
usually  terminal  but  may  be  dorsal.  No  fringe  of  bristles  on  the  edge 
of  the  mouth.  Proboscis  short  or  long,  usually  rigid  and  formed  for 
piercing.  Thorax  sometimes  very  convex.  Legs  usually  slender  ;  some 
of  the  segments  may  have  a  regular  comb  of  spines,  something  like  the 
raptorial  legs  of  a  Mantis .  The  family  is  a  large  one,  and  the  species 
are  predatory  on  other  flies. 

Family  Dolichopodid^e  (Fig.  57)  (5o?ux°s  =  long ;  7roi;s  =  foot).  Usually 
brightly  metallic  (often  bright  green)  flies,  with  long,  slender  legs.  The 
wing-venation  is  as  simple  as,  or  simpler  than,  that  of  a  house-fly  ;  the 
anterior  cross-vein  lies  near  the  root  of  the  wing  ;  the  anterioi  basal 
cross-vein  is  absent,  so  that  the  discal  and  2nd  basal  cells  aie  confluent  ; 
and  the  posterior  basal  cross-vein  and  anal  cell  aie  often  incomplete. 
Squamae  absent.  Antennae  of  3  segments  ;  the  3rd  segment  broad, 
with  an  arista  which  may  be  terminal,  or  more  or  less  doisal.  Proboscis 
short  and  fleshy,  palpi  flat.  The  flies  of  this  large  family  are  predaceous. 
They  haunt  damp  and  shady  places,  or  aquatic  vegetation,  or  may  even 
run  on  the  surface  of  the  water.  Among  some  flies  sent  from  Hongkong 
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by  Dr  Atkinson  as  being  predatory  on  mosquito-larvae  there  were 
several  specimens  of  a  Dolichopodid. 

Certain  species  in  the  Brachycerous  families  specified  below  have  a 
long  proboscis  which  may  be  mistaken  for  an  apparatus  for  sucking 
blood. 


Fig.  57. — Dolichopodid  Fly. 


(a)  Acroceridce.  Flies  with  a  very  small  head  formed  almost  wholly 
by  the  eyes  ;  the  thorax  and  abdomen  are  large  and  inflated  ;  and  the 
squamae  are  of  peculiar  magnitude.  The  larvae  about  which  anything 
is  known  are  said  to  be  parasitic  on  the  young  of  spiders. 


(b)  Nemestrinidcz.  Flies  with  a  complicated  wing-venation  ;  the  4th 
and  5th  veins  curve  forward  and  end  in  front  of  the  tip  of  the  wing  ;  the 
empodia  are  broad,  but  the  pulvilli  are  often  minute. 

(c)  ApioceridcB.  Flies  of  which  some  resemble  Asilida  and  some  in 
wing-venation  resemble  Nemestrinidce.  Empodia  are  absent. 

All  these  three  families  are  small,  numerically. 

(d)  Bombyliidce.  The  flies  of  this  large  family  are  as  a  rule  thickly 
hairy,  and  many  of  them  have  a  strong  resemblance  to  bees.  The  head 
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is  often  small  and  broadly  sessile  on  the  thorax.  The  wings  are  large 
and  often  have  dark  markings,  and  the  squamae  are  small.  The  legs 
are  slender,  and  the  pulvilli  and  empodium  are  often  vestigial.  The 
antennae  commonly  consist  of  3  segments,  but  the  3rd  is  never  compound. 
The  BombyliidcE  are  flower-flies  ;  the  larvae  of  some  species  are  parasitic 
in  and  on  the  larvae  and  eggs  of  other  insects,  and  certain  species  are 
said  to  do  good  service  to  man  by  thus  destroying  the  eggs  of  locusts. 
Two  species  of  this  family,  namely  Thyridanthrax  abruptus ,  Loew 
(Fig.  58),  and  Villa  llyodi ,  Austen,  have  recently  acquired  a  reputation 
as  being  destructive  to  Glossina  morsitans ,  their  larvae  being  endo- 
parasites  of  the  pupa  of  the  Glossina. 


CHAPTER  XIV 


Diptera  Aschiza 

In  the  flies  of  this  division  (Fig.  59)  the  frontal  lunule  is 
often  indistinct  and  the  frontal  suture  is  not  present  at  all. 
The  antennae  are  prominent,  and  usually  composed  of  3 
simple  segments  and  an  arista  which  is  generally  dorsal, 
rarely  terminal.  The  3rd  longitudinal  vein  is  not  forked, 
and  there  are  never  more  than  three  posterior  cells  in  the 
wing.  The  empodia  are  not  pulvilliform.  Mandibles  are 
absent,  but  maxillae  are  usually  present,  at  least  in  the 
female. 


Fig.  59. — Head  of  a  Syrphid  Fly. 


Four  families  are  here  included  ;  not  one  of  the  species 
sucks  blood,  and  few  of  them  are  of  any  importance  from  the 
medical  standpoint. 

Family  SyrphiD/E,  Hover-flies.  Many  of  the  species  of 
this  very  large  family  are  bright  coloured,  some  of  them 
resemble  wasps  and  bees,  and  a  few  look  like  blue-bottles 
or  green-bottles.  They  live  on  nectar  and  pollen,  and  are 
generally  seen  poised  over  or  settled  on  flowers.  The 
antennae  consist  of  3  segments,  usually  with  a  dorsal  arista. 
Between  the  3rd  and  4th  longitudinal  veins,  more  or  less 
parallel  with  them,  and  crossing  the  anterior  cross-vein,  a 
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false  longitudinal  vein  is  nearly  always  present  and  is  a 
characteristic  feature.  The  head  is  sometimes  elongated  in 
the  neighbourhood  of  the  mouth,  like  a  proboscis.  The 
larvae  of  certain  species  are  aquatic,  and  have  at  the  posterior 
end  of  the  body  (Fig.  60)  a  long  breathing-tube  which  can 
be  lengthened  or  shortened  like  a  telescope  to  suit  the  depth 
of  the  water  in  which  the  larva  finds  itself.  These  larvae, 
which  are  known  as  “  rat-tailed  larvae,”  live  in  foul  water ; 
they  may  be  found  in  wells,  and  occasionally  have  got  into 
the  human  bowel,  where,  if  numerous,  they  might  cause 
much  trouble.  The  larvae  of  certain  other  species  are  either 
parasites  or  commensals  in  the  nests  of  bees,  wasps,  and 
ants.  There  are  other  larvae,  of  very  active  habit,  which 
are  predaceous  upon  Aphids  and  other  destructive  plant- 
bugs,  and  it  has  been  proposed  to  make  use  of  these  larvae 
in  plantations  to  exterminate  such  pests. 


Fig.  60.— Rat-tailed  larva  of  Eristalis. 


Family  PHORID/E.  (This  family  ought  perhaps  to  be 
classed  with  the  Schizophora,  since  in  the  recently- emerged 
Apiochceta  ferruginea  the  head  is  extensively  split.  In  some 
of  the  species  the  wings  are  much  reduced  in  size,  and  in 
a  few  they  are  absent  altogether.)  The  Phondce  are  small 
flies  with  humped  back  ;  strong,  usually  bristly,  legs ;  and 
peculiar  antennae  and  wings.  In  the  antennae  (Fig.  61)  the 
3rd  segment  is  globular,  conceals  the  two  basal  segments, 
and  carries  a  long  pubescent  bristle.  The  wings,  typically, 
are  broad;  the  first  two  longitudinal  veins  are  short  and 
very  coarse,  all  the  others  are  fine  and  run  obliquely  across 
the  field  of  the  wing  (Fig.  62).  The  larva  is  small,  the 
pupa  coarctate  and  boat-shaped.  The  larvae  live  for  the 
most  part  in  decaying  matter,  animal  and  vegetable ;  those 
of  some  species  are  embedded  ectoparasites  of  invertebrate 
animals,  those  of  others  live,  either  as  parasites  or  mess¬ 
mates,  in  ants’  nests. 

The  maggots  of  one  species,  Apiochceta  ferruginea , 
Brunetti  (Fig.  63),  are  becoming  almost  well  known  as 
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intestinal  parasites  of  man,  having  been  reported  from 
Central  America,  the  West  Indies,  West  Africa,  India, 


Fig.  61.— Antenna  of  Apiochceta 
ferruginea :  the  very  much 
enlarged  lower  figure  in  longi¬ 
tudinal  section. 


Burma,  and  China.  Colonel  Baker,  I.M.S.,  has  recorded  a 
case  where  this  species  must  be  inferred  to  have  established 
itself  and  reproduced  itself  in  the  patient’s  gut.  Captain 
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F.  H.  Stewart,  has  sent  me  details  and  “exhibits 

of  a  somewhat  similar  case  from  Hongkong.  These  exhibits, 
which  consist  of  maggots  of  different  ages,  pupa-cases,  and 
dead  adult  flies,  were  expelled  at  painful  intervals  during 
a  term  of  ten  months,  and  their  individual  composition  is 
hardly  explicable  except  on  the  assumption  that  reproduction 
had  been  taking  place  in  the  patient’s  gut.  One  exhibit 
includes,  inter  alia ,  dead  adults  and  numerous  small  maggots 
suggestive  of  a  viviparous  origin.  In  a  later  communication, 
however,  Captain  Stewart  inclines  to  consider  the  case  as 
one  of  repeated  infection.  The  full-grown  larva  is  repre¬ 
sented  in  Fig.  63. 

In  North  Borneo  Dr  A.  Roper  discovered  a  Fhond- 
a  species  of  Trineura — sucking  the  blood  of  a  mosquito. 

The  other  two  families  of  Aschiza- Platypezid^  and  PlPUN- 
CULiDiE— are  of  no  medical  interest.  Both  of  them  consist  of  small 
flies  having  a  wing-venation  much  like  that  of  a  house-fly,  only  with  the 
2nd  basal  and  anal  cells  usually  larger.  In  the  Platypezidce  the  hin 
legs  are  thickened,  particularly  as  to  the  tarsal  segments  ;  the  larvae 
live  in  fungi.  In  the  Pifiu?iculidcz  the  head  is  subglobose,  relatively 
enormous,  and  is  formed  almost  wholly  by  the  eyes. 


CHAPTER  XV 


Diptera  Schizophora :  The  Muscoidea 

“  Men  wel  ofte  ben  slayn  with  bytinge  of  smale  flyes,  or  elles  with 
the  entringe  of  creepinge  wormes  into  the  privetees  of  mannes  body.” 

Chaucer,  Boece ,  ii.,  Pr.  vi.,  43. 

In  the  flies  of  this  division,  the  frontal  lunule  is  distinct  and 
there  is  a  frontal  suture  (Fig.  12).  The  antennae  generally 
lie  in  a  depression,  and  consist  of  3  simple  segments  and 
an  arista  which  is  almost  always  dorsal.  The  proboscis 
is  a  simple  suctorial  tube,  without  mandibles  or  maxillae. 
None  of  the  longitudinal  veins  is  forked.  As  a  rule,  the 
Muscoidea  lay  eggs,  and  these  give  rise  to  maggots 
more  or  less  similar  to  that  represented  in  Fig.  66,  but  some 
species  are  viviparous. 

The  families  of  Muscoidea  are  arranged  in  two  series, 
namely  (a)  Acalyptrata  («  privative,  and  KaXvirrpa  =  a 
cover),  in  which  the  squamae  are  so  small  that  they  do 
not  conceal  the  halteres  in  a  dorsal  view,  and  (b)  Calyptrata 
{yaKvirTpa  —  a  cover),  in  which  the  squamae  are  so  large  that 
they  conceal  the  halteres. 

(a)  Acalyptrate  Muscoidea. 

The  Acalyptrate  Muscoids  do  not  much  attract  the  attention  of  the 
medical  officer,  and  only  a  few  of  the  many  families  need  be  noticed. 

Family  Conopid^e.  Elongate  flies  of  fair  size,  commonly  with 
a  constricted  “waist”  and  often  resembling  wasps  and  bees.  The 
wing-venation  is  like  that  of  a  house-fly,  except  that  the  anal  cell 
and  both  the  basal  cells  are  large.  The  genitalia  are  conspicuous 
(in  the  male  of  Sicus  they  have  a  decided  resemblance  to  the  same  parts 
in  some  of  the  tsetse-flies.  In  this  genus  also  the  3rd  antennal  segment 
contains  a  pit  (?  sensory)  of  unusual  size.  The  proboscis  is  long  and 
slender,  for  sucking  nectar  from  flowers.  The  eggs  are  deposited 
on  bees  and  wasps  in  which  the  larvae  are  parasitic. 
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Family  Drosophilid^e.  Very  small  brownish,  stout  flies,  often 
swarming  on  over-ripe  or  decomposing  fruit,  in  which  the  eggs  are 
deposited.  The  auxiliary  vein  is  absent.  The  arista  is  plumose.  The 
larvae  and  pupae  are  sometimes  found  in  the  human  intestine.  The 
pupae  of  Drosophila ,  which  I  have  found  in  faeces,  can  be  recognised  by 
the  long  tubular  spiracles — the  ^anterior  pair  terminating  in  a  crown 
of  spines,  the  posterior  pair  forming  a  fork. 

Family  OSCINID^E.  Very  small  brownish  flies.  The  auxiliary  vein 
and  the  anal  cell  are  absent,  and  the  discal  and  2nd  basal  cells  are 
confluent.  The  larvae  are  often  found  in  grain.  A  species  of  Oscimd 
often  hovers  about  the  eyes,  and  is  said  to  cause  conjunctivitis.  A 
small  yellow  bright-eyed  fly  of  the  genus  Chlorops  often  causes  con¬ 
sternation  by  appearing  in  sudden  swarms  in  houses. 

Family  Ephydrid^e.  Small  flies  with  venation  like  the  OscimdcB , 
but  with  a  particularly  broad  and  convex  face.  The  larvae  of  some  are 
aquatic  and  “  rat-tailed.55  The  aquatic  larvae  of  an  American  species  of 
Ephydra  are  eaten  by  the  native  Indians. 

Family  SEPSID^E  (Fig.  64)  (<r?7^is  =  putrefaction).  Small,  usually 


black  flies,  with  round  head  and  constricted  “  waist.55  The  auxiliary 
vein  is  often  indistinct,  and  the  wing  commonly  has  a  dark  spot,  or 
spots,  near  the  tip.  The  Sepsidcs  are  quick  in  flight,  and  run  with  great 
activity  ;  they  may  be  found  on  decaying  animal  and  vegetable  matter, 
in  which  they  lay  their  eggs.  The  maggots  of  Piophila  live  in  cheese 
and  bacon,  and  may  be  recognised  by  their  power  of  leaping  or 
skipping  ;  they  have  been  found  in  the  pharynx  and  intestine  of  man, 
having  probably  been  ingested  in  food. 

Family  Trypetid^e.  Small  flies  with  elegantly  dappled  wings 
the  venation  of  which  is  much  like  that  of  an  Anthomyid  (Fig.  84). 
The  3rd  segment  of  the  antennse  is  not  elongated.  The  larvae  live 
in  vegetables  and  fruit  and  often  damage  such  crops. 

Family  Cordylurid/e  (Scatophagidae).  These  are  among  the 
largest  of  the  Acalyptrates.  They  are  often  found  swarming  on  fresh 
excrement,  and  they  are  predaceous  on  other  flies.  The  wing-venation 
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is  Anthomy id-like  (Fig.  84),  and  the  legs  and  abdomen  somewhat 
elongate.  The  species  of  the  common  genus  Scatophaga  are  of  a 
greenish  or  yellowish-brown  colour  and  are  often  hairy  or  bristly  ;  the 
labella  are  raspy  as  in  Philamatomyia  (Fig.  75)  and  Lispa  (Fig.  86)  and 
the  male  genitalia  are  reminiscent  of  some  of  the  large  tsetse-flies. 


(b)  Calyptrate  Muscoidea. 

The  squamae  are  large  and  generally  conceal  the  halteres 
in  a  dorsal  view;  the  subcostal  vein  is  distinct,  and  the  1st 
longitudinal  vein  is  of  good  length  ;  the  scutum  is  completely 
bisected  by  a  transverse  suture  in  front  of  the  wings ; 
generally  ( Auchmeromyia  and  Glossina  are  among  the 
notable  exceptions)  the  eyes  are  very  much  closer-set  in 
the  male  than  in  the  female.  This  division  includes  an 
enormous  number  of  species,  many  of  which  are  of  import¬ 
ance  to  the  sanitarian  and  pathologist ;  they  are  often 
grouped  in  six  “  families,”  which,  however,  are  not  always 
quite  clearly  defined  one  from  another  and  are  not  universally 
recognised.  The  following  table  is  taken  from  Williston’s 
North  A  merican  Dipt  era  : — 


1. 


2. 


4- 


5- 


Synopsis  of  Families  ^Calyptrate  Muscoids. 

/  Mouth  and  mouth-parts  small  or  vestigial  (Estridce. 

I  Mouth  and  mouth-parts  well  formed  =  2. 

Hypopleura  with  a  tuft  of  bristles  ;  1st  posterior  cell  narrowed  or 
closed  =  3. 

Hypopleura  with  no  tuft  of  bristles  ;  1st  posterior  cell  narrowed  or 
fully  open  =  6. 

r  Arista  usually  bare,  sometimes  pubescent  ;  body  and  legs  very 
bristly  Tachinidoe. 

Arista  feathered  or  distinctly  pubescent  =  4. 

Arista  feathered,  but  not  to  the  tip  ;  discal  bristles  rarely  present 
on  the  anterior  segments  of  the  abdomen  Sarcophagidce. 

.Arista  feathered  or  pubescent  to  the  tip  =  5. 

Abdomen  usually  with  discal  bristles  on  its  anterior  segments  ; 

legs  usually  long  Dexiidoe . 

.Abdomen  with  no  discal  bristles  ;  arista  feathered  Muscidce . 

First  posterior  cell  narrowed  or  closed  ;  arista  feathered  to  tip 

Muscidce. 

First  posterior  cell  slightly  or  not  at  all  narrowed  ;  arista  feathered, 
pubescent,  or  bare  A?ithomyidce. 


The  Muscidae,  which  are  by  far  the  most  important  of 
these  families,  will  be  considered  in  the  two  following 
chapters. 


CHAPTER  XVI 


Family  Muscidse  :  Muscid.ee  that  do  not  Suck  Blood 

Patton  and  Craig  draw  attention  to  the  fact  that  ordinary 
house-flies  may  feed  on  blood  by  deliberately  driving-off 
actively-engaged  blood-sucking  species  from  their  victims, 
and  Mitzmain  had  earlier  shown  that  the  common  house-fly 
might  in  this  way  transmit  surra  ;  but  the  principal  noxious 
propensities  of  the  Muscidse  now  under  consideration  may 
be  summarised  as  follows  : — 

Some,  like  house-flies  and  blow-flies,  contaminate  food 
and  drink,  or  may  otherwise  distribute  infection  mechanically, 
in  the  ways  already  specified  (p.  40). 

Others,  like  blow-flies,  green-bottles,  etc.,  may  lodge  their 
eggs  in  wounds,  or  in  the  natural  orifices  of  the  body,  in 
feeble  or  helpless  or  neglected  persons,  or  even  in  dirty 
individuals  in  a  state  of  incapability,  and  the  issuing  maggots 
may  burrow  into  the  tissues,  sometimes  so  rapidly  and  so 
deeply  as  to  have  fatal  consequences.  Domestic  animals, 
particularly  sheep,  are  more  liable  than  man  to  these  attacks ; 
in  the  case  of  sheep  the  fly  does  not  need  the  attraction  of  a 
wound,  but  drops  its  masses  of  eggs  in  the  fleece  of  some 
part  that  cannot  easily  be  reached  by  the  victim — the  back 
or  the  rump — where  they  hatch,  and  the  maggots  then  attack 
the  sound  skin. 

The  maggots  of  some  (e.g.  of  the  tumbu-fly,  Cordylobid) 
are  habitually  subcutaneous  parasites  of  man  and  animals ; 
while  those  of  others  (e.g.  of  Auchmeromyia )  have  much  the 
habits  of  bed-bugs,  hiding  by  day  and  coming  forth  at  night 
to  suck  blood. 

It  has  to  be  remembered,  on  the  other  hand,  that  house¬ 
flies  and  blow-flies,  however  disagreeable  or  dangerous  to 
civilised  man,  play  a  useful  part  in  the  impartial  economy  of 
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Nature,  by  consuming  in  their  maggot  stage  a  vast  amount  of 
garbage.  Also  there  may  be  circumstances  in  which  the 
much-reviled  house-fly — no  less  than  the  indomitable  spider 
— may  inspire  feelings  quite  different  from  disgust  in  noble 
minds.  Thus  the  heroic  Franklin,  after  the  desperate  tedium 
of  the  long  Arctic  winter,  writes  in  his  First  Polar  Narrative: 

“  On  the  8th”  (of  May  1821)  “a  large  house-fly  was  seen. 
This  interesting  event  spread  cheerfulness  through  our 
residence,  and  formed  a  topic  of  conversation  for  the  rest  of 
the  day.” 

In  the  Muscids  described  in  this  chapter  the  proboscis 
(Fig.  5)  is  formed  purely  for  suction  :  it  is  coarse,  soft,  and 
retractile,  and  terminates  in  a  pair  of  broad  sucker-like 
labella,  the  surface  of  which  is  very  closely  and  regularly 
fluted  by  fine,  deep,  subtubular,  absorbent  grooves  —  the 
pseudotracheae ;  these  converge  towards  and  ultimately 
discharge  into  the  gutter  of  the  labium.  Though  the 
pseudotracheae  form,  collectively,  a  straining  apparatus,  * 
they  are  known  to  permit  the  passage  of  solid  bodies  such 
as  encysted  amoebae,  and  the  eggs  of  tapeworms,  or  even 
of  certain  Nematodes. 

The  genera  that  include  ordinary  noxious  domestic  flies 
may  be  tabulated  as  follows  : — 


1. 


■2  j 


3 


4- 


a 


Fourth  longitudinal  vein  bent  at  a  sharp  angle  (Fig.  7)  =2. 

Fourth  longitudinal  vein  merely  curved  distally  :  general  colouring 
dark  grey  Muscina. 

Hypopleura  without  any  tuft  or  comb  of  bristles  ;  tibiae  of  middle 
legs  without  any  bristle  near  middle  of  inner  surface  Musca. 

Hypopleura  with  a  vertical  row  of  bristles  ;  tibiae  of  middle  legs 
with  a  large  bristle  or  bristles  near  middle  of  inner  surface 

=  3* 

Thorax  and  abdomen  bluish-black,  not  lustrous  ;  cheeks  hairy 

=  4. 

Thorax  and  abdomen  green,  or  bluish-green,  or  bronze-green,  and 
of  a  brilliant  metallic  lustre  ;  cheeks  not  thickly  hairy  =  5. 

Thorax  and  abdomen  dirty  brownish-yellow,  cheeks  very  sparsely 
pubescent  —  7. 

Thorax  and  abdomen  with  depressed  hairs  among  the  bristles 

Pollenia. 

Thorax  and  abdomen  without  such  hairs  Calliphora. 

Scutum  longitudinally  striped,  Chrysomyia. 

Scutum  not  longitudinally  striped  =  6, 
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(Thorax  and  abdomen  metallic  green  or  bluish-green  =  Lucilia. 
Thorax  and  abdomen  more  brassy  green  or  purplish  blue,  the 
posterior  margin  of  some  of  the  abdominal  segments  blackish 

=  Pycnosoma. 

'  Eyes  widely  separated  in  both  sexes  ;  2nd  abdominal  segment  of 
female  more  than  half  the  total  length  of  the  abdomen 

=  Auchmeromyia. 

Eyes  of  male  close-set  ;  2nd  abdominal  segment  of  female  not 
abnormally  long  =  Cordylobia. 


Genus  MUSCA. 

The  species  of  this  cosmopolitan  genus  are  of  smallish 
size  and  dull  colour — the  thorax  being  blackish-grey  and 
the  abdomen  greyish,  or  yellowish,  or  yellow.  The  arista 
is  feathered  dorsally  and  ventrally.  The  proboscis  is  soft 
and  retractile.  The  4th  longitudinal  vein  bends  forwards 
at  a  sharp  angle,  so  as  nearly  to  close  the  1st  posterior  cell 

(Fig*  7).  .  r  j 

Musca  domestica ,  L.,  the  common  house-fly,  is  found 

everywhere,  in  company  with  man.  The  head  is  dark,  with 
light  face  and  a  velvet-black  frontal  stripe  ;  the  scutum  is 
dusted  with  grey  and  marked,  sometimes  rather  indistinctly, 
with  four  equal  and  equidistant  dark  stripes ;  the  abdomen 
is  yellowish-grey,  with  a  median  darkish  stripe  ;  the  legs 
are  almost  black.  In  the  male  the  eyes  are  larger  and 
closer  set  than  in  the  female.  In  the  nearly-related  Musca 
corvina  the  tibiae  are  more  bristly  and  the  arista  is  not 
feathered  to  the  tip  ;  and  in  the  male  the  abdomen  is  orange- 
yellow  with  a  median  black  stripe,  and  the  eyes  are  in 
contact. 

At  certain  times  small  Anthomyid  flies — in  particular, 
two  species  of  Homalomyia  (p.  203) — may  be  found  in 
houses ;  they  can  be  distinguished  from  all  true  Muscids  by 
the  straight  run  of  the  4th  longitudinal  vein  of  the  wing 
(Fig.  84). 

In  tropical  countries  house-flies  are  abundant  all  the 
year  round ;  in  temperate  climates  they  are  in  evidence 
only  in  summer  and  early  autumn.  How  the  insect  tides 
over  the  winter  in  temperate  regions  is  a  disputed  question. 
Some  say  that  (as  is  well  known  to  be  the  case  with  Musca 
corvina)  the  adults  survive  in  sheltered  places  in  a  dormant 
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state,  to  revive  and  start  fresh  broods  in  the  spring ;  but  at 
the  London  School  of  Tropical  Medicine  attempts  to  keep 
adult  house-flies  alive  through  the  winter  under  the  most 
auspicious  conditions  have  invariably  failed — insects  that 
emerge  in  the  last  days  of  autumn,  as  well  as  those  emerging 
under  artificial  conditions  in  mid-winter,  living  only  four  or 
five  weeks.  Others  believe  that  the  insect  hibernates  in  a 
prolonged  pupal  stage,  an  opinion  which  is  in  the  main 
supported  by  our  observations  at  the  School,  where  we  have 
noticed  that  larvae  hatched  late  in  the  autumn  grow  slowly 
and  pupate  irregularly,  and  that  though  some  of  the  pupae 
may  give  issue  from  time  to  time  during  the  winter  to 


(a) 


adults,  others  may  remain  unchanged  and  undeveloped 
internally  until  the  end  of  January. 

The  female  house-fly  lays  from  about  ioo  to  about  150 
eggs  in  a  mass,  in  fermenting  rubbish  of  almost  any  sort ; 
but  stable-manure  is  the  commonest  nidus,  and  the  refuse 
of  municipal  dust  carts,  night  soil,  and  other  faecal  matter 
are  equally  suitable.  An  individual  female  is  said  to  be 
able  to  produce  several  batches  of  eggs  in  the  course  of  her 
brief  life-time. 

The  eggs  (Fig.  65)  are  white  and  shiny,  somewhat  pod¬ 
shaped,  with  the  inner  curve  longitudinally  grooved  They 
hatch  within  twenty-four  hours  in  hot  weather,  but  may 
take  three  or  four  days  if  the  weather  be  cool. 

The  larva  (maggot,  Fig.  66)  is  something  like  a  small 
worm,  tapering  anteriorly,  blunt  posteriorly,  and  of  a  whitish 
colour.  It  is  composed  of  12  segments,  the  first  of  which 
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includes  an  almost  indistinguishable  head,  consisting  of  a 
pair  of  minute  papillae  (antennae)  surmounting  the  mouth  ; 
from  the  mouth  the  tips  of  a  pair  of  large,  dark-coloured, 
hook-like  mandibles  project — these,  which  are  protrusive, 
being  used  both  for  feeding  and  in  locomotion.  On  the 
posterior  surface  of  the  last  (12th)  segment  there  is  a  pair 
of  brown  chitinous  plates — the  stigmata  (Fig.  66  a) — -each  with 
three  peripherally-placed  sinuous  breathing  slits,  or  spiracles. 
In  well-grown  larvae  a  second  pair  of  much  smaller,  sub¬ 
tubular,  and  retractile  spiracles  is  seen,  laterally,  on  the 
second  segment — the  anterior  spiracles.  The  internal  struc¬ 
ture  of  the  maggot  is  not  different  essentially  from  that 


shown  in  Fig.  63.  The  larva  feeds  on  the  stuff  in  which  it 
is  hatched,  and  becomes  full-grown,  under  the  most  favour¬ 
able  conditions  of  warmth  and  moisture,  in  the  tropics  in 
about  five  days,  in  temperate  latitudes  in  about  a  week ; 
but  its  growth  is  much  delayed  by  cold. 

When  full-grown  the  larva  leaves  its  pabulum  and  con¬ 
tracts  to  an  elongate-barrel  shape ;  its  skin  becomes  hard, 
and  changes  in  colour  from  dirty  white  to  dark  brown  ;  and 
inside  this  rigid  larval  shell,  or  puparium  (Fig.  67),  it 
transforms  to  a  pupa.  In  the  tropics  the  pupa  stage  lasts 
about  three  days  ;  in  temperate  regions  its  duration  varies 
from  about  a  week  in  the  heat  of  summer  to  as  much  as 
two  months,  and  probably  longer,  in  cold  weather.  The 
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manner  of  emergence  from  the  puparium  is  shown  in 
Fig.  ii. 

Thus  in  the  tropical  summer  the  whole  course  of  develop¬ 
ment  from  egg  to  adult  is  about  nine  days,  but  in  winter  in 
England  it  may  continue  for  at  least  four  months. 

The  total  expectation  of  life  of  an  adult  fly  is  about 
a  month. 

In  ordinary  circumstances  flies  do  not  go  far  from  the 
place  where  they  were  bred ;  about  half  a  mile  is  the  usual 
range  and,  according  to  Copeman,  about  a  mile  is  an 
extreme  range. 

The  only  effective  way  of  dealing  with  the  house-fly  is 
to  expunge  its  breeding-places. 

(a)  In  a  properly  sewered  town,  where  streets  are  regu¬ 
larly  cleaned  and  refuse  of  all  kinds  is  regularly  removed 
and  incinerated,  and  all  unclean  trades  are  under  the  eye  of 
the  sanitary  authority,  if  sanitary  regulations  are  strictly 
enforced  there  should  be  no  breeding-places,  and  the  insect 
should  be  a  rarity. 

(b)  In  rural  districts  where  privies  are  in  use,  and  muck 
is  wanted  for  the  fields,  and  refuse  may  escape  attention, 
these  are  the  things  that  demand  regulation.  Many  recom¬ 
mendations  for  the  treatment  of  manure  heaps  have  been 
published.  Assuming,  of  course,  that  the  manure  is  wanted, 
one  of  the  best  methods  is  to  pack  and  ram  it  so  tight  that 
its  ferment  becomes  too  hot  for  maggots,  and  to  keep  the 
surface  sprinkled  with  some  larvicide  that  does  not  take  away 
its  value  as  manure — such  as  ground  phosphate  rock  (much 
recommended  in  America),  borax,  or  solution  of  sulphate 
of  iron  (both  of  which,  though  often  recommended,  are  often 
innocuous  to  maggots) ;  both  quicklime  and  petroleum 
emulsion,  which  are  otherwise  good,  are  said  to  spoil  the 
manure ;  powdered  naphthalene  has  not  been  tried,  but  is 
worth  a  trial.  Another  good  method,  devised  in  America, 
is  to  pile  the  manure  on  perforated  platforms  with  trays 
underneath,  so  that  when  the  full-grown  maggots  leave  the 
heap  to  pupate  they  drop  into  the  trays  and  can  be  destroyed 
daily.  Traps  and  baits  to  divert  and  destroy  flies  coming 
to  deposit  eggs  may  be  placed  about  the  manure  heap,  and 
are  efficacious. 
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(Y)  In  cantonments  and  camps,  where  the  health  of  the 
soldier  is  the  sole  interest,  everything  that  may  be  a  nidus 
for  maggots  must  be  done  away  with  promptly  and  regularly. 
All  refuse  and  rubbish  of  every  kind  must  be  carted 
away  daily  to  a  distance  of  at  least  a  mile,  and  to  the 
prevalent  leeward,  and  there  reduced  to  ashes. 

For  permanent  latrines,  screening  may  prove  a  delusion, 
and  for  temporary  latrines  would  not  come  into  the  question ; 
but  flies  can  be  repelled  from  latrines  by  the  free  and 
constant  use  of  emulsion  of  crude  coal-tar  oil,  or  of  petroleum, 
or  by  strong  solutions  of  cresol  or  phenol.  Receptacles 
should  contain  some  of  these  fluids,  or  earth  or  sawdust 
soaked  in  them.  Where  seats  are  used  they  should  have 
good  lids.  The  trench  of  a  temporary  open  latrine  should 
be  constantly  sprayed  with  an  emulsion  of  crude  coal-tar 
oil  or  petroleum.  Night-soil  carts  should  be  treated  with 
the  same,  and  care  should  be  taken  that  they  do  not  leak 
or  spill,  lest  their  whole  route  should  become  a  breeding- 
ground  for  flies,  as  was  noticed  by  Colonel  H.  B.  Thornhill, 
a  famous  Cantonment  Magistrate  in  India,  who  was  silently 
busy  with  the  fly  problem  nearly  thirty  years  ago.  Trench¬ 
ing-grounds  should  be  carefully  chosen.  Trenches  should 
be  so  deep,  and  the  contents  should  be  covered  with  earth 
so  firmly  rammed,  as  to  prevent  the  egress  of  maggots  that 
may  survive  burial.  Captain  J.  Davidson  recommends  a 
deep  trench,  which,  when  filled  in  to  within  18  inches  of 
the  surface,  is  to  be  sprayed  with  io  per  cent,  solution  of 
cresol,  or  crude  coal-tar  oil,  and  then  filled  in  with  earth 
mixed  with  the  crude  oil :  further,  to  forestall  the  lateral 
egress  of  any  surviving  maggots,  Major  E.  E.  Austen  recom¬ 
mends  that  a  stretch  of  canvas  soaked  in  the  crude  oil  be 
laid  well  over  the  mouth  of  the  filled  trench,  and  that  the 
trench  thus  finally  covered  be  surrounded  with  a  surface 
trench  6  inches  deep  packed  with  earth  impregnated  with 
cresol. 

The  litter  and  excreta  of  animals  must  daily  be  carted, 
with  great  care  against  any  droppings  by  the  way,  to  a 
spot  not  less  than  a  mile  distant.  If  there  is  not  too  much 
of  it,  it  can  be  petrolised  and  incinerated.  But  when  large 
quantities  have  to  be  dealt  with  the  method  practised  by 
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C.  K.  Brain  in  a  Transport  Depot  having  an  average  animal 
population  of  3300  has  the  great  merit  of  simplicity.  Long 
trenches  having  a  width  of  about  20  feet,  and  a  depth  of 
about  10  feet  are  dug :  in  them  to  begin  with  a  layer  of 
manure  is  spread  to  the  depth  of  1  foot,  and  is  covered  with 
a  layer  of  ashes  or  earth  f  inch  thick  :  this  is  well  rammed, 
and  is  further  consolidated  by  the  subsequent  routine, 
which  is  to  repeat  this  exact  procedure  continually  until 
in  time  the  trench  is  full.  The  filled-in  trench  is  then 
covered  with  about  a  foot  of  earth,  which  is  rolled  thoroughly 
for  some  days.  The  poet’s  eye  in  a  fine  frenzy  rolling  might 
see  arising  from  such  a  site  visions  of 

“  Groves  whose  rich  trees  wept  odorous  gums  and  balm, 

Flow’rs  of  all  hue,  and  without  thorn  the  rose.” 

The  making  of  manure  into  roads,  described  by  Captain 
J.  Davidson,  is  a  simple  device  for  disposing  of  the  stable 
litter  of  large  camps  in  a  hot  dry  country.  The  manure 
must  be  broken  and  must  not  be  spread  in  a  thickness 
of  more  than  one  inch  at  any  one  operation  nor  must 
it  be  covered  with  another  layer  at  intervals  of  less  than 
four  days. 

For  the  destruction  of  adult  flies,  the  following  are  some 
of  the  most  useful  appliances,  which  should  be  used  not 
only  in  rooms  but  in  all  places  to  which  flies  are  naturally 
attracted  : — 

Fly-traps ,  on  the  fish-trap  or  lobster-pot  principle  :  a  cage 
of  wire-gauze  the  entrance  to  which  is  a  hoie  or  narrow  slit  at 
the  bottom  of  a  wide-mouthed  pocket  deeply  intussuscepted 
into  the  cage.  The  cage  is  made  in  two  parts,  so  that  the 
captured  flies  when  killed  can  be  removed  :  it  must  be  baited, 
and  the  best  baits  are  bread-and-milk,  and  vinegar  or  beer 
and  sugar. 

“  Tangle-foot?  spread  on  paper  or  on  rope,  or  wire,  as 
recommended  by  Captain  Davidson,  who  gives  the  following 
formula  for  its  manufacture  :  commercial  castor-oil  4  pints, 
resin  9^  lb.  The  castor-oil  is  heated  short  of  boiling  point, 
and  the  powdered  resin  is  stirred  in  until  the  mixture  is 
sufficiently  sticky.  Its  use  on  a  hanging  wire  is  strongly 
recommended  by  him. 
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Poisoned  baits. — One  of  the  best  is  a  2  per  cent,  solution 
of  formalin  in  water  or  milk-and-water,  in  a  shallow  dish  ; 
but  it  evaporates  (especially  the  formalin  ingredient)  very 
quickly.  Sodium  arsenite  is  perhaps  more  strongly  recom¬ 
mended  by  entomologists  than  by  medical  men  who  foresee 
danger  in  its  common  and  casual  use ;  a  weak  solution 
(i  per  cent.)  in  syrup  or  treacle  is  used.  The  same  remarks 
apply  to  solutions  of  potassium  cyanide. 

Fly  sprays — for  an  intolerable  plague  of  flies  in  any  con¬ 
fined  space.  Lefroy  recommends  a  spray  composed  of 
alcoholic  extract  of  pyrethrum  and  safrol  in  equal  parts,  with 
a  small  quantity  of  soap  and  J  to  2  per  cent,  of  castor  oil. 
Austen,  however,  states  that  plain  powdered  pyrethrum  freely 
dredged  from  a  muslin  bag  can  be  most  effective. 

Screening  with  wire-gauze  has  its  applications ;  but 
really  to  keep  flies  excluded  by  wire-gauze  demands  a  ritual 
that  is  inconsistent  with  the  business  of  everyday  life. 

Genus  MUSCINA.  The  4th  longitudinal  vein  is  merely 
curved  forwards  distally,  much  as  in  Stomoxys  (Fig.  72). 
Muscina  stabulans  is  not  uncommon  in  and  about  houses  at 
certain  times,  and  may  contaminate  food,  as  it  is  said  to 
breed  in  human  faeces  and  decaying  matter.  It  can  be 
distinguished  from  the  true  house-fly  by  the  course  of  the 
4th  longitudinal  vein. 

Genus  POLLEN ia.  Pollenia  rudis ,  the  Cluster-fly,  which 
is  often  found  in  country  houses  in  autumn  and  winter, 
can  be  distinguished  from  the  house-fly  by  its  more  bristly 
appearance ;  bristles  also  are  present  on  the  hypopleura  and 
on  the  inner  surface  of  the  middle  tibiae.  The  maggots  have 
been  discovered  by  Keilin  to  be  parasitic  in  small  earth¬ 
worms  of  the  species  Allolobophora  chlorotica.  The  eggs 
of  the  fly  are  deposited  in  the  earth,  in  autumn.  The  larva 
penetrates  the  male  genital  opening  of  the  worm  and  so 
reaches  the  seminal  vesicles  or  the  body-cavity  adjoining, 
where  it  remains  encysted  in  phagocytes  until  the  spring. 
It  then  bursts  through  the  anterior  end  of  the  worm,  hind 
end  foremost  so  as  to  expose  its  own  spiracles,  and  gradually 
eats  the  worm  backwards.  When  full-grown  it  detaches  itself 
from  what  remains  of  the  worm  and  pupates  in  the  earth. 

Genus  CALLIPHORA  :  Blue-bottles,  Blow-flies.  The  species 
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of  this  cosmopolitan  genus  are  larger  than  Musca ,  and  are  of 
a  blue-black  colour ;  the  cheeks  are  hairy,  and  large  bristles 
are  present  on  the  tibia  of  the  middle  legs  and  in  a  row 
on  each  hypopleuron.  The  eggs,  which  except  for  their 
larger  size  resemble  those  of  Musca,  are  laid  in  masses  on 
meat,  offal,  and  carrion.  The  maggot  is  like  that  of  Musca 
but  larger  and  more  cylindrical  ;  the  posterior  stigmata  lie 
in  a  depression  defined  by  a  ring  of  papillae,  and  their 
breathing-slits  are  obliquely-transverse  and  parallel.  In 
favourable  circumstances  the  maggot  becomes  full-grown 
in  a  week  or  ten  days,  and  the  pupal  stage  lasts  about 
the  same  time.  The  maggots  of  this  and  the  three  following 
genera  may  be  found  in  foul  and  neglected  wounds,  or  in  the 
natural  passages  of  the  body,  in  man,  as  well  as  in  domestic 
animals. 

Genus  Lucilia,  Green-bottles.  The  species,  which  are 
widely  distributed,  resemble  Calliphora  in  form  and  habits, 
but  are  of  a  brilliant  metallic  green  or  bluish-green  lustre 
and  have  much  less  hairy  cheeks.  The  eggs  and  maggots 
are  like  those  of  Calliphora  and  are  to  be  found  in  like 
situations. 

Genus  PYCNOSOMA  (ttvkvos  =  thick  ;  croo/jia  =  body).  Like 
Lucilia ,  but  the  metallic  sheen  is  more  brassy  and  the  after 
edge  of  some  of  the  abdominal  segments  is  black,  giving 
the  abdomen  somewhat  a  cross-banded  appearance.  The 
species  occur  in  Tropical  Africa,  Asia,  and  Australia:  their 
habits  in  both  adult  and  larval  stages  are  like  those  of 
Lucilia  and  Calliphora. 

Genus  CHRYSOMYIA  (ypucro9  =  gold ;  /ffm^fly).  Like 
Lucilia ,  but  the  scutum  has  four  dark  longitudinal  stripes. 
Restricted  to  America.  Chrysomyia  macellaria ,  Fabr.,  is 
the  well-known  Screw-worm-fly,  which  is  a  common  cause 
of  myiasis  in  Tropical  America,  the  maggots  (“  screw-worms  ”) 
occurring  in  wounds  and  in  the  passages  of  the  body,  even 
in  the  urethra.  The  principal  difference  between  a  “screw- 
worm  ”  and  a  Calliphora  maggot  is  the  screw-like  appearance 
given  by  the  deep-cut  constrictions  between  the  segments 
of  the  body  and  by  the  greater  prominence  of  the  ring  of 
spinules  on  each  segment.  According  to  Edgar  the  female 
deposits  from  200  to  400  eggs,  which  hatch  in  about  nine 
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hours ;  the  larva  becomes  full-grown  in  four  to  six  days, 
and  the  pupa  stage  lasts  one  or  two  weeks. 

Genus  Auchmeromyia  (avxPylpo9==  sunburnt,  dirty). 
Restricted  to  Tropical  Africa.  The  common  species  is 
Auchmeromyia  luteola ,  which  is  rather  bigger  than  a  blow-fly, 
has  a  tapering  abdomen,  and  is  of  a  dirty  yellow-brown 
colour  becoming  rusty-black  posteriorly;  in  the  female  the 
apparent  2nd  abdominal  segment  is  longer  than  all  the 
other  abdominal  segments  combined  ;  in  the  male  the  eyes 
are  set  wide  apart.  It  is  said  to  avoid  the  light,  and  to 
be  found  only  in  or  near  dwellings.  Roubaud  states  that  the 
female  deposits  from  30  to  80  eggs,  singly  or  a  few  at 


Fig.  68.— Egg  (x  16)  and  undistended  Larva  (x  3)  of  Auchmeromyia. 

a  time,  on  the  ground.  The  larva  (Fig.  68),  known  as  the 
Congo  Floor-maggot,  lives  in  crevices  in  the  mud  floor  of 
native  huts  and  comes  out  at  night  to  suck  the  blood 
of  sleepers ;  according  to  E.  Roubaud  it  becomes  full-grown, 
if  regularly  fed,  in  about  a  fortnight  and  then  pupates  in  the 
ground,  but  a  new-hatched  maggot  can  resist  starvation  for 
more  than  three  weeks  and  a  well-grown  larva  for  more  than 
two  months.  A  maggot  indistinguishable  from  A.  luteola 
occurring  on  the  Abyssinian  frontier  of  Somaliland  and 
known  in  the  vernacular  as  Giijis  is  said  to  be  the  cause 
of  a  fever — Margeisa  fever  —  which,  according  to  Drake- 
Brockman  and  Whitehead,  is  believed  to  be  due  to  a 
Spirillum. 

Genus  ChoerOMYIA  (xo?pos  =  a  pig),  Recently  discovered  and 
described  by  E.  Roubaud.  Differs  from  Auchmeromyia  in  having  an 
abdomen  of  the  ordinary  rotund  form  with  all  the  segments  of  nearly 
equal  length.  The  adult  is  found  in  lairs  of  the  wart-hog  and  burrows 
of  the  ant-eater,  in  Tropical  Africa,  and  the  larva  lives  upon  the  blood  of 
these  animals.  The  female  lays  about  50  eggs  in  the  damp  earth  of 
its  habitat. 
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Genus  CORDYLOBIA  (KopSv\}]  =  a  bump,  or  tumour;  /3/o? 
=  wa y  of  life).  This  genus,  of  which  three  species  have 
been  described,  is  also  peculiar  to  Africa.  The  notorious 
species  is  Cordylobia  anthropophaga ,  Griinberg  (the  Tumbu- 
fly),  the  larva  of  which  is  a  subcutaneous  parasite  of  man 
and  other  animals  in  many  parts  of  Africa.  The  adult  fly 
has  a  general  resemblance  to  Auchmeromyia  luteola ,  but 
the  abdomen  is  of  the  ordinary  rotund  form,  with  the 
segments  in  both  sexes  of  about  equal  length,  and  in  the 
male  the  eyes  are  close-set.  The  larva  (Fig.  69)  in  its 
later  stages  is  unusually  plump,  and  is  more  or  less  coated 
with  spinules  set  in  groups  of  two  or  three,  and  the  posterior 
spiracles  though  sinuous  like  those  of  Musca  run  obliquely 
across  the  stigmata  as  in  Calliphora.  The  presence  of  the 
larva  causes  local  inflammation  which  issues  in  a  boil,  in 


Fig.  69. — Larva  of  Cordylobia. 


the  centre  of  which  an  opening  remains  through  which  the 
parasite  can  breathe.  Many  such  boils,  each  with  its 
maggot  of  identical  age,  may  occur  simultaneously  in  the 
same  animal.  According  to  Roubaud  the  eggs,  to  the 
number  of  150  or  more,  are  deposited  on  dry  ground  and 
hatch  after  forty-eight  hours ;  the  young  maggot,  which 
is  very  active,  is  small  and  is  furnished  posteriorly  with  two 
pairs  of  tentacle-like  filaments ;  in  the  free  condition  it  may 
live  without  feeding,  if  kept  in  cool  dry  sand,  for  ten  days, 
but  ultimately  it  has  to  find  a  host ;  having  penetrated  the 
skin  of  a  host  it  has  at  first  somewhat  the  club-like  shape 
of  a  Dermatobia  maggot,  and  it  attains  its  full  growth  in  about 
a  week.  Roubaud  infers  from  experiments  upon  animals 
that  as  a  human  parasite  it  is  acquired  by  persons  sleeping 
on  the  ground.  The  process  of  penetrating  the  host’s  skin  is 
said  to  occupy  about  six  hours  and  to  cause  but  slight 
irritation. 
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The  genus  BENGALIA  superficially  resembles  Cordylobia , 
but  can  be  distinguished  by  the  more  massive  proboscis,  the 
more  elongate  abdomen  with  a  distinct  appearance  of  dark 
cross-banding,  and  in  the  male  sex  by  the  wider  separation 
of  the  eyes.  It  is  not  parasitic. 

The  peculiar  habits  of  the  larvae  of  Auchmeromyia ,  Chceromyia,  and 
Cordylobia  may  be  regarded  as  specific  fixations  of  innate  tendencies 
generally  common  to  Muscidae,  since  there  are  several  Muscids  whose 
larvae  have  been  observed  casually  to  suck  the  blood  of  helpless 
young  animals,  and  many  whose  larvae  are  casually  paiasitic. 


CHAPTER  XVII 


The  Blood-sucking  Muscidae 


In  the  majority  of  the  blood-sucking  Muscidae  the  proboscis 
is  a  stylet,  rigid,  not  or  little  retractile,  and  ending  in  small 
serrated  labella,  the  whole  organ  being  made  for  piercing  ; 
in  a  few  only  it  is  coarse,  only  partly  indurated,  and  quite 
retractile,  with  large  soft  labella  having,  however,  strong 
teeth. 


Synopsis  of  Blood-sucking  Muscidae. 


Hairs  of  arista  feathered  ;  4th  longitudinal  vein  curved  forwards 
in  its  proximal  portion,  again  sharply  bent  forwards  in  its 
distal  portion,  and  ending  well  in  front  of  the  tip  of  the 
j  <  wing  ;  abdomen  composed  apparently  of  7  segments.  Vivi¬ 
parous  Glossina. 

Hairs  of  arista  not  feathered  ;  4th  longitudinal  vein  not  abnormally 
sinuous,  and  ending  at  or  behind  the  tip  of  the  wing  ;  abdomen 
.  composed  apparently  of  4  segments.  Oviparous  2. 

f  Proboscis  soft,  coarse,  and  retractile,  labella  large  and  soft  ;  arista 
2.  !  and  4th  longitudinal  vein  as  in  M  use  a  Philcematoiryia. 

{  Proboscis  rigid,  non-retractile  ;  arista  not  Musca- like  3. 


1 

^  f  Arista  feathered  dorsally  only 

l  Arista  with  some  ventral  hairs  also 


f  Maxillary  palps  slender,  less  than  half  the  length  of  the 
proboscis  Stomoxys. 

^  Maxillary  palps  more  or  less  spathulate  ;  more  than  half  length  of 
proboscis  =  4. 

=  5- 

6. 

Proboscis  long  and  slender  ;  1st  posterior  cell  widely  open 
-  ,  Lyperosia. 

|  Proboscis  short  and  stumpy  ;  1st  posterior  cell  narrowly  open 

Stygeromyia . 

^  /  First  posterior  cell  narrowly  open  Hcevi a tobosca. 

t  f  irst  posterior  cell  widely  open  Hcematobia  and  Bdellolarynx. 
177  M 
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Genus  STOMOXYS,  Geoffroy  (Gr.  orro/xa  =  mouth ; 


gug  =  sharp). 


o 


A  cosmopolitan  genus  with  numerous  species  having  a 
general  resemblance  to  a  house-fly,  but  easily  distinguished 
by  the  hard,  black,  shiny,  stiff  proboscis  (Fig.  71),  by  the 
absence  of  hairs  from  the  lower  border  of  the  arista,  and  by 
the  gentle  curve  of  the  4th  longitudinal  vein  (Fig.  72)  > 
the  male  also  the  wings  are  often  smoky. 


Fio.  71. — Head  of  Stomoxys. 


Stomoxys  may  get  into  houses  and  may  bite  man,  but  its 
usual  haunts  are  stables,  farmyards,  and  pastures,  and  its 
usual  victims  are  horses  and  cattle.  It  is  certain  that  it  can 
and  does  infect  various  domestic  animals — probably  by 
mechanical  methods — with  pathogenic  organisms  both 
bacterial  {eg.  anthrax)  and  protozoal  {eg.  the  trypanosome 
of  surra)  ;  and  it  is  possible  that  it  may  so  infect  man,  since 
Rosenau  and  Brues  state  that  Stomoxys  calcitrans  can  convey 
(experimentally)  the  infection  of  poliomyelitis  between 
monkeys.  J.  W.  S.  Macfie  even  claims  to  have  proved  that 
a  “human”  trypanosome  resembling  T.  gambiense  can 
develop  in  the  gut  of  Stomoxys  niger. 
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The  development  of  Stomoxys  calcitrans  in  temperate 
climates  has  been  described  by  Packard  and  others,  and  very 
carefully  by  Newstead.  The  eggs,  which  are  indistinguish¬ 
able  from  those  of  the  house-fly,  are  deposited,  in  batches 
of  fifty  to  seventy,  in  horse-dung,  musty  grass-cuttings,  and 
rotting  hay  and  straw,  and  a  single  female  may  lay  several 
such  batches  ;  they  hatch  in  two  or  three  days.  The  maggot, 
which  resembles  that  of  the  house-fly — differing  in  the 
smaller  size,  the  more  dorsal  position,  and  the  greater 
separation,  of  the  posterior  stigma — attains  its  full  growth, 
under  favourable  conditions,  in  two  or  three  weeks,  and  the 
pupal  stage  lasts  from  nine  to  thirteen  days.  Newstead 
states  that  growth  and  metamorphosis  are  considerably 
delayed  by  cold,  drought,  and  exposure  to  light. 

In  the  tropics  the  larva  develops  more  rapidly.  In  the 
Philippines,  according  to  M.  B.  Mitzmain,  the  female  if  fed 
regularly  may  live  seventy-two  days,  and  may  in  the  course 
of  her  life  deposit  as  many  as  twenty  batches  of  eggs  in 
succession,  to  an  aggregate  of  630  or  possibly  820  eggs  ; 
the  incubation  period  of  the  egg  is  twenty  to  twenty-six 
hours,  the  duration  of  the  larval  stage  is  seven  or  eight  days, 
and  that  of  the  pupal  stage  five  days ;  under  optimum  con¬ 
ditions  the  whole  cycle  may  be  completed  in  twelve  days, 
but  with  unfavourable  conditions  the  cycle  may  occupy  five 
weeks.  Mitzmain  also  states  that  a  male  if  fed  regularly 
may  live  ninety-four  days. 

Stomoxys  calcitrans  cannot  resist  starvation  longer  than 
two  or  three  days. 

The  following  synopsis  of  Stomoxys  species  is  adapted 
from  the  paper  by  Mrs  Summers  Connal  in  the  Journal  of 
the  London  School  of  Tropical  Medicine  for  July  1912. 

1.  European  Species. 

Stomoxys  calcitrans ,  L.  Front  wide  in  both  sexes.  Face  yellowish 
white.  Scutum  with  four  longitudinal  black  stripes,  the  median  pair 
slightly  convergent  anteriorly.  Abdominal  terga  grey  with  six  round 
dark  spots — three  in  a  triangle  on  the  2nd  and  the  3rd  terga.  Legs 
black,  the  knees  alone  reddish  brown. 

2.  Asiatic  Species. 

(a)  Legs  mainly  black ;  abdomen  spotted. 

Stomoxys  calcitrans^  L.  See  above. 
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Stomoxys  plurinotatus ,  Bigot.  Said  to  differ  from  S.  calcitrans 
in  having  the  four  longitudinal  stripes  of  the  scutum  interrupted. 
Ceylon. 

Stomoxys  oblongopunctatus ,  Brunetti.  Differs  from  S.  calcitrans  in 
having  the  abdominal  spots  transversely  oblong,  not  round  ;  in  the 
male  the  front  is  only  one-fifth  the  breadth  of  the  head.  Oriental. 

Stomoxys  sitiens ,  Rondani.  Like  S.  calcitrans ,  but  the  face  is  shiny 
white,  and  in  the  male  the  front  is  one-eighth  the  width  of  the  head,  or 
less.  Oriental  ;  also  Africa. 

Stomoxys  triangularis ,  Brunetti.  Differs  from  S.  calcitrans  in  having 
the  abdominal  spots  large  and  triangular,  sometimes  almost  confluent ; 
in  the  male  the  front  is  only  one-fifth  the  width  of  the  head.  Oriental. 

(6)  Legs  mainly  black ;  abdomen  cross-banded. 

Stomoxys  niger ,  Macquart.  The  after  edges  of  the  first  3  abdominal 
segments  are  black.  Oriental  Region  ;  also  Africa. 

Stomoxys  bengalensis ,  Picard.  Probably  identical  with  S.  niger. 

(c)  Legs  mainly  brown;  abdomen  not  spotted, 
but  often  cross-banded. 

Stomoxys  brun7iipes ,  Griinberg.  Tibiae  and  tarsi  brown.  Abdomen 
brownish  yellow  with  broad  black  cross-bands.  Front  in  the  male 
one-eighth  the  width  of  the  head.  Java  ;  also  Africa. 

Stomoxys  indicus ,  Picard.  Femora,  tibiae,  and  tarsi  brown  Front 
in  the  male  linear.  Otherwise  resembling  brunnipes.  A  small  species. 
Bengal. 

Stomoxys  pullus ,  Austen.  Legs  entirely  brown.  Abdomen  blotchy. 
In  the  male  the  front  tarsus  has  the  first  segment  fringed  on  the  inner 
side  with  a  row  of  hairs  of  one  length.  A  small  species.  India. 

Stomoxys  pusillus ,  Austen.  Legs  entirely  brown.  Second  segment 
of  abdomen  clove -brown,  3rd  segment  with  a  cross-band.  Front  of  the 
male  one-fourth  the  width  of  the  head.  A  small  species.  India. 

Stomoxys  limbatus ,  Austen.  Legs  entirely  brown.  Abdomen  cross- 
banded.  Front  of  the  male  constricted  at  the  middle.  A  small  species. 
Oriental  Region. 

Stomoxys  pratti ,  Summers.  Tibiae  and  tarsi  pale  yellow,  rest  of 
legs  brown.  Abdomen  cross-banded.  Front  of  the  male  one-sixth 
the  width  of  the  head.  A  large  species.  Malay  States. 

Stomoxys  dacnon ,  Speiser.  Legs  pale  brown.  Abdomen  grey. 
Front  in  the  female  one-third  the  width  of  the  head.  Founded  on  a 
single  damaged  specimen  from  Annam. 

3.  Africa ?i  Species. 

(a)  Legs  mainly  black ;  abdomen  spotted. 

Stomoxys  calcitrans ,  L.  See  above. 

Stomoxys  korogwensis,  Griinberg.  Probably  =  5.  calcitrans. 

Stomoxys  griseiceps ,  Becker.  Differs  from  S.  calcitrans  in  having 
the  abdomen  black  with  a  brown  median  line  and  greyish-brown  spots. 
Madeira. 
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Stomoxys  sitiens ,  Rondani.  Like  S.  calcitrans ,  but  the  face  shiny 
white,  and  the  front  in  the  male  one-eighth  the  width  of  the  head, 
or  less. 

(6)  Legs  mainly  black ;  abdomen  not  spotted. 

Stomoxys  niger. ,  Macquart.  The  after  edges  of  the  first  3  abdominal 
segments  are  black. 

Stomoxys  glaucus ,  Griinberg,  and  Stomoxys  lafonti ,  Picard,  are 
probably  synonymous  with  S.  niger. 

Stomoxys  boueti ,  Roubaud.  Each  of  the  first  3  abdominal  segments 
has  a  median  as  well  as  a  postero-marginal  dark  band.  A  very  small 
species. 

Stomoxys  bouvieri ,  Roubaud.  Like  5.  niger,  but  larger,  and  the 
stripes  on  the  scutum  broader. 

Stomoxys  inornatus ,  Griinberg.  Abdomen  uniformly  black.  Front 
in  the  male  about  one-twelfth  the  width  of  the  head.  Proboscis 
particularly  long  and  slender,  hardly  swollen  at  base. 

Stomoxys  pallidus ,  Roubaud.  Scutum  bluish  black,  except  for  a 
broad  median  pearly  stripe  in  front  of  the  suture.  Abdomen  uniform 
pale  yellow.  Proboscis  long  and  slender,  hardly  swollen  at  base. 

Stomoxys  omega ,  Newstead.  Scutum  bluish  grey  with  a  black 
^-shaped  device,  most  distinct  in  the  male.  Abdomen  black.  Front 
very  narrow. 

(e)  Legs  not  mainly  black. 

Stomoxys  varipes ,  Bezzi.  Abdomen  spotted  much  as  in  S.  calcitrans. 
Tibiae  yellow. 

Stomoxys  brunnipes ,  Griinberg.  Tibiae  and  tarsi  brown.  Abdomen 
brownish  yellow  with  broad  black  cross-bands.  Front  in  the  male  one- 
eighth  the  width  of  the  head. 

Stomoxys  sellatus,  Griinberg.  Probably  =  S.  brunnipes. 

Stomoxys  intermedins ,  Roubaud.  Abdomen  cross-banded  much  as  in 
S.  niger.  Tibiae  and  tarsi  brownish. 

Stomoxys  bouffardi ,  Picard.  Legs  brown,  trochanter,  knee,  and 
tibia  red,  the  tibia  sometimes  black  at  tip.  Second  segment  of 
abdomen  with  two  grey  hairy  bands  in  the  middle.  Front  half  the 
width  of  the  head. 

Stomoxys  bilineatus ,  Griinberg.  Abdomen  cross-banded  much  as  in 
S.  niger.  Tibiae  of  the  first  and  second  legs  and  knees  of  the  third 
light  brown.  The  stripes  of  the  scutum  disappear  behind  the  suture. 

Stomoxys  tceniatus ,  Bigot.  Legs  uniform  pale  yellow.  Abdomen 
cross-banded.  Front  one-fourth  to  one-fifth  the  width  of  the  head. 

Stomoxys  ochrosoma,  Speiser.  Golden  yellow,  head  black.  Proboscis 
yellow  with  black  tip.  Legs  golden  yellow  with  dark  brown  tarsi. 

4.  American  Species. 

Stomoxys  calcitra?is ,  L.  (see  above),  is  common  in  North  and 
South  America  and  in  the  West  Indies. 
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5.  Australian  Species. 

Stomoxys  calcitrans ,  L.  (see  above),  has  been  found  in  many  parts 
of  the  Australian  Region,  including  Polynesia. 

LYPEROSIA,  Rondani  (Gr.  troublesome),  Fig.  73- 

Differs  from  Stomoxys  in  having  palpi  nearly  as  long  as 
the  very  slender  proboscis,  for  which  they  almost  form  a 
sheath,  and  no  bristles  on  the  3rd  longitudinal  vein.  The 
species  are  all  very  small,  and  are  brown  or  yellowish  grey 


Fig.  73. — Lyperosia  exigua. 


in  colour,  with  inconspicuous  longitudinal  markings  on  the 
scutum.  They  are  troublesome  chiefly  to  domestic  animals, 
but  sometimes  bite  man. 

The  eggs,  which  are  reddish-brown  in  colour,  are 
deposited  in  the  fresh  dung  of  the  herbivorous  animals  upon 
which  the  adults  feed. 

The  following  synopsis  of  the  species  of  Lyperosia  is  taken 
from  the  paper,  above  cited,  by  Mrs  Summers  Connal 

1.  European  Species, 

Lyperosia  irritans ,  L.  Eight  to  ten  hairs  on  arista  ;  in  the  male  the 
tarsi  of  the  hind  legs  are  dilated  distally  and  the  pre-apical  bristle  of 
the  tibia  is  remarkably  long. 

Lyperosia  titillans ,  Bezzi.  Five  or  six  distant  hairs  on  arista  ;  in  the 
hind  legs  of  the  male  the  tarsi  are  not  dilated  and  the  pre-apical  bristle 
of  the  tibia  is  of  no  extraordinary  length. 

2.  Asiatic  Species. 

Lyperosia  exigua,  Meijere.  Generally  resembles  L.  irritans  (see 
above),  but  has  yellow  legs.  L.  flarohirta ,  Biunetti,  is  like  L.  exigua , 
but  lighter  coloured. 


THE  BLOOD-SUCKING  MUSCID/L 


183 


Lyperosia  ininuta,  Bezzi.  Generally  resembles  L .  titillans  (see 
above),  but  the  legs  are  paler  and  the  ist  posterior  cell  is  more 
narrowed  distally. 

Lyperosia  schillingsi ,  Grunberg.  Arista  with  four  or  five  hairs. 
Legs  brown.  Front  about  one-third  the  width  of  the  head. 

3.  African  Species. 

Lyperosia  exigua ,  Meijere.  See  above.  Lyferosia  minuta ,  Bezzi. 
See  above.  Lyperosia  longifalpis ,  Roubaud.  Probably  =  L.  minuta. 
Lyperosia  pallidipes ,  Roubaud.  Arista  with  seven  hairs.  Legs  pale 

yellow. 

Lyperosia  schillingsi ,  Grunberg.  See  above. 

Lyferosia  potans ,  Bezzi.  Arista  with  five  hairs.  Tarsi  1  eddish 
yellow. 


Lyperosia  punctigera, ,  Austen.  Arista  with  six  hairs.  Abdomen 
olive  grey,  the  2nd  and  following  terga  with  a  median  spot  or  stripe, 
and  the  2nd  and  3rd  terga  also  with  a  pair  of  transversely-oval  spots. 
First  posterior  cell  narrowed  at  tip  ;  posterior  transverse  vein  strongly 
bent  outwards. 

Lyferosia  thirouxi ,  Roubaud.  Arista  with  six  to  eight  hairs. 
Proboscis  remarkably  short  and  swollen  at  base. 

4.  American  Species. 

Lyperosia  irritans ,  L.  See  above. 

5.  Australian  Species. 

Lyperosia  exigua ,  Meijere.  See  above. 

Genus  HzEMATOBIA,  Robineau-Desvoidy  (ou>a  =  blood  ; 
/3los  =  way  of  life).  Differs  from  Stomoxys ,  which  it  resembles 
in  habits,  in  having  spathulate  palps  nearly  as  long  as  the 
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proboscis,  a  few  hairs  on  the  ventral  border  of  the  arista,  a 
lower  and  broader  head,  and  a  shorter  and  coarser  proboscis. 
According  to  J.  L.  Mitter  the  female  deposits  25  to  30 
or  more  eggs  in  fresh  cattle-dung,  one,  or  a  few,  at  a  time  ; 
the  eggs,  which  are  white,  hatch  in  twelve  to  fifteen  hours  ; 
the  larva  attains  full  growth  in  six  to  nine  days,  and 
the  pupal  stage  lasts  five  to  eight  days,  according  to 
temperature. 

H.  stimulans ,  Meigen,  a  common  European  species,  has  black  legs. 
In  the  Indian  H.  sanguisugens ,  Austen,  and  //.  rufipes  (which  Mitter 
gives  reasons  for  regarding  as  the  freshly-emerged  stage  of  H.  sangui¬ 
sugens ),  the  legs  are  brown  or  reddish-yellow. 

Genus  Bdellolarynx,  Austen  (f3Se\\o-\dpvy£=  leech 
throat).  Like  Hcematobia ,  but  has  more  hairs  on  the  ventral 
border  of  the  arista.  Mitter  states  that  the  female  lays 
25  to  30  eggs  in  fresh  cattle-dung,  the  eggs  being 
blackish  and  hatching  within  twenty-four  hours;  that  the 
larva  is  full  grown  on  the  eighth  day,  and  that  the  pupal 
stage  lasts  seven  days.  One  species,  distributed  in  India, 
Ceylon,  and  East  Africa. 

HzEMATOBOSCA,  Bezzi  (atyua  =  blood  ;  /3ocnceA  =  to  feed), 
is  distinguished  from  Hcematobia  by  the  absence  of  bristles 
from  the  1st  and  3rd  longitudinal  veins,  and  by  the  very 
strong  (almost  Musca- like)  bend  of  the  4th  longitudinal  vein. 

H.  atripalpis ,  Bezzi,  from  S.  Europe,  has  the  palpi  black  and  the 
scutum  indistinctly  striped.  H.  perturbans ,  Bezzi,  from  China,  has  the 
palpi  reddish-brown  and  the  scutum  longitudinally  striped  yellow. 

Stygeromyia,  Austen  (crrvyepog  =  hateful).  Palpi  long 
and  spathulate ;  proboscis  short,  stout,  not  tapering;  1st 
posterior  cell  narrowly  open  at  tip ;  arista  feathered  only  on 
the  dorsal  (anterior)  border.  A.  maculosa ,  Austen,  from 
Aden  and  India,  has  the  proboscis  dark  chestnut  brown,  and 
the  2nd,  3rd,  and  4th  segments  of  the  abdomen  spotted. 

S.  sanguinaria ,  Austen,  from  Tropical  Africa,  has  the  proboscis 
orange-buff  and  the  abdomen  not  spotted.  A.  woosnami ,  Austen,  from 
East  Africa,  has  the  proboscis  clove-brown,  and  is  of  large  size. 

PHILyEMATOMYIA,  Austen  ((piXat/maTog  =  blood-thirsty). 
Oriental  and  Ethiopian  Regions,  also  found  in  Cyprus. 
Resembles  the  common  house-fly  in  general  appearance, 
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having  the  arista  feathered  on  both  borders,  the  4th  longi¬ 
tudinal  vein  bent  at  an  angle  (cp.  Fig.  7),  and  the  proboscis 
coarse  and  retractile.  The  maxillary  palps,  however,  are 
spathulate  and  are  not  much  shorter  than  the  proboscis. 
Austen  has  described  and  figured  the  curious  proboscis, 
which,  however,  here  (Fig.  75)  is  shown  as  seen  by  transmitted 
light  after  maceration  in  caustic  potash.  It  resembles  that 
of  certain  predatory  Muscidea  (such  as  Lispa  and  Scatophaga ) 
and  differs  from  that  of  the  house-fly  (cp.  Fig.  5)  chiefly  in 
the  great  development  of  the  labellar  teeth,  in  the  great 
size  and  mobility  of  the  chitinous  framework  that  carries 
these  teeth,  and  in  the  great  reduction  in  the  number  of 
pseudotracheae.  According  to  Patton  and  Craig  the  female 


Fig.  75. — Mouth-parts  of  Philcematomyia. 


lays  50  to  60  eggs  (which  resemble  those  of  the  house¬ 
fly)  in  fresh  cow-dung ;  and  the  maggot,  which  grows  very 
rapidly,  resembles  that  of  the  house-fly  except  that  it  is 
lemon-coloured. 

Philcematomyia  insignis  has  been  found  in  India,  Ceylon,  Borneo, 
Cyprus,  Socotra,  and  in  several  places  in  Tropical  Africa.  Other  Indian 
species  have  been  described  by  Patton. 

GLOSSINA,  Wiedemann.  Tsetse-flies. 

Glossina  is  distinguished  from  all  other  Muscidae  by 
certain  peculiarities  of  the  antennae,  of  the  wing-venation, 
and  of  the  method  of  reproduction — peculiarities  so  decided 
as  in  the  opinion  of  some  people  to  justify  the  isolation  of 
the  genus  in  a  distinct  family.  It  further  differs  from  other 
blood-sucking  Muscidae  in  the  form  of  the  proboscis  and 
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palpi,  in  the  architecture  of  the  abdomen,  and  in  the  extra¬ 
ordinary  large  size  of  the  hypopygium  or  modified  segments 
that  compose  the  external  genitalia  of  the  male. 


The  antenna  in  both  sexes  contain  in  their  2nd  and  3rd 
segments  a  sensory  labyrinth  the  general  appearance  of 
which,  as  seen  in  a  “cleared”  specimen  under  a  low  power, 
is  shown  in  Fig.  76.  The  central  vesicle  of  this  organ  opens 
by  a  small  pore  on  the  inner  surface  of  the  3rd  segment. 
The  labyrinth  is  lined  with  setae  resembling  flagellated  cells. 


The  antennal  arista  is  broad,  compressed,  and  hirsute, 
and  is  feathered  on  its  anterior  (dorsal)  edge  only,  and  the 
individual  hairs  of  the  plume  are  themselves  feathered. 

In  the  wings  (Fig.  77)  the  4th  longitudinal  vein  is 
strongly  curved  in  its  proximal  portion,  and  is  again  strongly 
bent  forwards  at  the  junction  with  the  posterior  cross-vein 
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The  first  curve  enlarges  the  anterior  basal  cell  distally  at 
the  expense  of  the  discal  cell,  which  is  correspondingly 
contracted  proximally.  The  second  bend  very  much  narrows 
the  first  posterior  cell  at  a  point  much  anterior  to  the  tip  of 
the  wing.  Further,  the  anterior  cross-vein  is  more  than 
ordinary  oblique. 

The  proboscis  (Fig.  78),  which  is  chitinous  and  projects 
horizontally,  consists  of  a  bulbous  base  contracting  abruptly 


to  a  long  and  very  slender  shaft.  As  in  other  Muscidcc 
it  is  longitudinally  grooved  dorsally  to  hold  the  needle¬ 
like  epipharynx  and  the  tubular  filamentous  hypopharynx. 

The  maxillary  palps  (Fig.  78)  are  slender,  and  are  as 
long  as  the  proboscis,  to  which,  in  repose,  they  are  applied 
so  as  to  form  a  sort  of  loose  sheath. 

The  hypopygium  of  the  male  (Fig.  7 9)  has  the  form  of  a 
large  oval  swelling  lying  upon  and  in  great  part  concealing 
the  sternum  of  the  7th  abdominal  segment.  The  anal 
slit  bisects  the  swelling  anteriorly,  and  gives  the  organ 


188 


ENTOMOLOGY  FOR  MEDICAL  OFFICERS 


somewhat  the  appearance  of  the  pudenda  (muliebria).  In 
front  of  the  hypopygium,  on  the  sternum  of  the  6th  segment, 
is  a  pair  of  smaller  tumours,  which  Austen,  with  deplorable 
irreverence  to  the  ghosts  of  the  heroes,  has  named  Hectors. 
When  the  hypopygium  is  turned  back  it  is  seen  to  consist  of 
a  “nest”  of  3  highly  modified  segments,  the  outermost  of 
which  carries  a  pair  of  large  claw- like  or  spathulate  claspers. 

The  method  of  reproduction ,  which  was  discovered  by  Sir 
David  Bruce,  is  like  that  of  the  Pupipara.  The  female  bears 
a  single  larva  at’  a  time,  retaining  and  nourishing  it 
within  the  oviduct  until  it  is  full  grown.  Immediately  the 


Fig.  79. — Hypopygium  of  male  Glossina. 


larva  is  born  it  seeks  refuge  in  the  ground  and  transforms  to 
a  pupa.  The  larva  is  of  a  yellowish-white  colour,  is  com¬ 
posed  of  the  usual  12  segments,  and  has  a  finely  granular 
cuticle ;  its  mouth-hooks  are  transformed  into  a  sort  of 
trough  or  shoot ;  at  its  posterior  end  there  is  a  pair  of  large 
dark-coloured  knuckle-like  protuberances,  in  a  depression 
between  which  lie  the  spiracles.  The  pupa  (Fig.  80)  is 
broadly  ovoid  in  shape,  with  the  posterior  larval  protuberances 
persistent,  and  is  usually  of  a  dark  brown  colour.  According 
to  Stuhlmann  parthenogenesis  may  occur  as  an  exceptional 
phenomenon.  From  the  observations  recorded  by  those 
who  have  studied  Glossina  in  captivity  it  is  reasonable 
to  infer  that  an  individual  female,  well  supplied  with  food, 
will  not  produce  more  than  a  dozen  larvae  in  the  course  of 
her  life. 
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Other  features  of  the  genus  are  the  large  eyes,  which  are 
well  separated  in  both  sexes  ;  the  markings  of  the  mesonotum, 
which,  however,  are  rather  faint  in  some  species  ;  and  the 
large  number  of  visible  abdominal  segments — seven. 

Tsetse-flies  are  comparatively  long  lived  ;  kept  in  captivity 
and  regularly  fed,  females  have  been  observed  to  live  for 
about  seven  and  a  half  months,  and  males  for  more  than  three 
months.  Though  usually  most  alert  in  the  daytime  and 
in  bright  weather,  they  are  said  also  to  be  active  on 
moonlight  nights,  and  some  of  the  large  species  are  reported 
to  bite  at  night,  and  even  to  have  the  habit  of  feeding  only 
at  twilight.  The  remarkable  manner  of  folding  the  wings 
horizontally  one  above  the  other  when  at  rest  is  not 
distinctive  of  these  flies.  Though,  according  to  Roubaud, 
Glossina  palpalis  will  on  occasion  suck  the  blood  of  cater¬ 
pillars,  worms,  and  snails,  vertebrate  blood  is  said  to  be  the 
necessary  food  of  tsetse-flies. 

The  genus  Glossina  is  restricted  to  the  continental  tracts 
of  the  Ethiopian  Region  (pp.  8-9),  and  in  that  region  only  one 
species  is  known  to  range  beyond  Africa,  namely  G. 
tachinoides ,  which  has  been  found  in  the  south-west  corner 
of  Arabia.  The  limits  of  the  genus  are  from  about  180  N.  to 
about  310  S.,  and  within  these  limits  the  insect  is  usually 
more  or  less  restricted  to  warm  and  humid  tracts  where 
shade  of  some  kind,  if  only  the  shade  of  reeds,  is  obtainable 
— tracts  which  are  known  as  “  fly-belts.”  Some  species  are 
found  only  in  propinquity  to  rivers  and  lakes,  others  are  not 
so  closely  dependent  upon  water,  but  it  is  believed  that 
no  species  can  exist  on  open  shadeless  plains. 

The  necessary  connection  of  tsetse-flies  and  a  definite 
pathogenic  organism  was  first  established  by  Sir  David 
Bruce,  who  discovered  that  ngana ,  the  “tsetse-fly  disease” 
of  domestic  animals  in  Africa,  is  due  to  a  trypanosome, 
A  brucei.  The  subsequent  history  of  African  trypanoso¬ 
miasis  does  not  come  within  the  purview  of  this  book ;  for 
our  purpose  it  is  sufficient  to  remember  that  Sleeping 
Sickness,  the  trypanosomiasis  of  man,  is  communicated 
chiefly  by  two  species  of  Glossina ,  namely  G.  palpalis ,  which 
in  Equatorial  Africa  transmits  Trypanosoma  gambiense ,  and 
G.  morsitans ,  which  transmits  Trypanosoma  rhodesiense  in 
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Nyasaland.  It  is  also  to  be  remembered  that  although 
G.  palpalis  and  G.  morsitans  are  the  two  common  and 
notoriously  dangerous  species  in  nature,  there  are  other 
species  which  have  been  shown  by  experiments  in  the 
laboratory  to  be  physiologically  capable  of  harbouring  the 
parasites  of  Sleeping  Sickness,  and  that  a  third  species,  which 
is  not  uncommon  in  Southern  and  Eastern  Africa,  namely 
G.  brevipalpis ,  has  in  one  part  of  its  range  been  found 
naturally  infected  with  Trypanosoma  rhodesiense.  It  is  also 
relevant  to  notice  some  established  facts  and  hypotheses 
regarding  the  manner  in  which  these  natural  carriers 
acquire,  retain,  and  transmit  the  infection. 

In  the  case  of  G.  palpalis  it  seems  to  be  ratified  that 
the  fly  is  usually  infected  from  human  beings  suffering  from 
Sleeping  Sickness,  though  it  is  believed  to  be  quite  possible 
that  it  may  sometimes  get  infection  from  wild  animals  in 
the  same  way  as  G.  morsitans. 

In  the  case  of  G.  morsitans  it  is  assumed  by  Bruce  and 
his  colleagues,  as  well  as  by  Kinghorn  and  Yorke  (though 
German  observers  dispute  the  assumption),  that  common 
sources  of  infection  are  wild  animals  which  are  normally 
tolerant  of  the  trypanosome,  these  animals  being  known  as 
“  natural  reservoirs.” 

When  a  fly  feeds  upon  an  infected  vertebrate  its  own 
infection  is  by  no  means  an  inevitable  consequence :  the 
experiments  of  Bruce  and  his  colleagues  with  G.  palpalis , 
and  of  Kinghorn  and  Yorke  with  G.  morsitans ,  show  that 
only  a  very  small  percentage  (about  3  to  5  per  cent.)  of 
flies  so  fed  in  the  laboratory  develop  the  infection.  When 
a  fly  does  respond  to  the  infection  there  is,  as  Kleine  was 
the  first  to  discover,  a  prolonged  latent  period  (eighteen 
days  or  more)  in  which  no  trypanosomes  can  be  found  in 
its  gut ;  but  at  length  the  trypanosomes  reappear,  and 
ultimately  produce  forms  that  invade  and  establish  them¬ 
selves  permanently  in  the  salivary  glands,  so  that  the  fly 
continues  infective  for  the  rest  of  its  life. 

Before  these  facts  were  elicited  it  was  asserted  that  the 
fly  transmitted  the  trypanosome  from  victim  to  victim 
directly  and  mechanically,  by  its  contaminated  proboscis. 
This  mode  of  transmission  has  been  effected  in  the  laboratory, 
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and  it  is  quite  conceivable  that  it  may  occur  occasionally  in 
nature ;  but  it  is  now  generally  accepted  that  the  usual 
method  of  infection  is  by  the  saliva  of  flies  which  have 
become  permanently  infected. 

We  are  now  in  a  position  to  realise  the  unusual  natural 
difficulties  of  bringing  tsetse-flies  under  sanitary  control: 
as  the  larva  is  carried  by  the  parent,  there  is  no  peculiarly 
vulnerable  larval  stage :  as  the  fly  may  get  infected  from  a 
“  natural  reservoir,”  there  is  no  invincible  safety  in  isolating 
infected  human  beings  from  its  attacks. 

Those  who  have  little  faith  in  entomology  assert  that  it 
is  hopeless  to  attempt  to  extirpate  the  fly  by  direct  attack, 
and  they  therefore  favour  the  indirect  method  of  depriving 
it  of  all  its  sources  of  food,  and  of  possible  infection  inde¬ 
pendent  of  man,  by  a  sweeping  extermination  of  the  wild 
animals  upon  which  it  naturally  feeds.  Such  a  scheme, 
setting  aside  the  insecurity  of  its  particular  foundations,  is 
almost  impious  in  its  disregard  of  all  the  lessons  of  Nature. 
Something  has  been  said,  in  the  Introductory  chapter,  of 
the  balance  of  organic  Nature — of  the  complicated  inter¬ 
dependence  of  the  various  species  that  form  the  fauna  and 
flora  of  a  region — and  of  the  disastrous  results  which,  in  the 
development  of  new  territories,  have  often  followed  any 
precipitate  interference  with  it ;  and  we  ought  now  to  have 
learned  that  though,  after  long  experience  and  by  gradual 
reconstruction  of  his  whole  environment,  Man  may  subdue 
organic  Nature,  yet  any  isolated  blind  strokes  that  merely 
“  deal  damnation  round  the  land  ”  will  not  be  overlooked  by 
Nemesis. 

On  the  other  hand  the  naturalist,  knowing  the  many 
wonderful  instances  of  solicitude — often  resembling  conscious 
foresight — shown  for  their  eggs  or  young  by  animals  which 
(like  Glossina)  produce  only  a  limited  progeny,  will  feel 
inclined  to  assume  that  tsetse-flies,  after  painfully  nursing 
their  single  larva  in  the  womb,  are  not  likely  to  cast  it  off 
haphazard  at  the  most  critical  stage  of  its  post-embryonic 
existence,  but  are  more  likely  to  deposit  it  carefully  in  some 
particular  situation  that  promises  it  a  fair  start  in  life.  This 
assumption  seems  to  be  justified,  and  evidence  is  gradually 
accumulating  that  both  G.  palpalis  and  G.  morsitans  do 
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actually  deposit  their  ripe  larvae  in  selected  spots.  This 
matter  is  being  carefully  attended  to  by  competent  observers, 
in  the  hope  of  discovering  all  the  conditions  governing  the 
parturition  of  these  flies,  with  a  view  to  the  systematic 
regulation  of  possible  creches  or  pupating-grounds,  or  even, 
as  Austen  has  suggested,  to  the  deliberate  construction  of 
attractive  pupating-grounds  as  decoys. 

But  even  were  it  proved  that  ripe  larvae  are  dropped 
indiscriminately,  as  seems  unlikely,  still  there  is  no  reason 
why  the  adult  fly  should  be  given  up  as  beyond  control. 
Since  shade  is  a  necessity  of  its  existence,  much  may  be 
done,  as  Bagshawe  has  pointed  out,  by  appropriate  clearing 
of  undergrowth  and  lopping  of  under-branches  of  trees  in 
the  vicinity  of  villages,  highways,  fords,  etc.  Something 
may  also  be  done  by  trapping,  and  by  rewards  for  captured 
flies  in  bulk.  Nor  must  natural  enemies  be  forgotten — not 
that  much  in  the  way  of  prevention  can  be  expected  of 
dragon-flies  and  Bembecine  wasps — but  the  specific  endo- 
parasites,  of  which  several  have  been  discovered  in  recent 
years  by  investigators  in  this  field,  namely  two  species  of 
Bombyliid  flies  (p.  155),  a  Mutilla  (p.  258)  and  several  species 
of  Chalcididce  (p.  253),  the  larvae  of  all  of  which  are  lethal 
parasites  of  the  pupa  of  Glossina. 

On  the  whole  it  seems  reasonable  to  expect  that  as 
Tropical  Africa  comes  more  and  more  under  the  influence 
of  European  enterprise,  the  conditions  indispensable  for 
tsetse-flies  and  their  pupae  will  be  much  restricted,  and  the 
flies  will  be  found  only  in  places  remote  from  the  busy 
haunts  of  men  ;  just  as  malaria-carrying  mosquitoes  have 
disappeared,  except  in  a  few  remote  places,  from  houses  in 
England.  In  the  meantime  the  most  rational  procedure  is 
to  investigate  patiently  the  ways  of  the  fly,  and  to  carry  on 
an  unrelenting  persecution  of  it  and  its  pupae,  and  also  to 
continue  the  well-established  plan  of  removing  infected  com¬ 
munities  from  districts  that  are  badly  infested  with  the  fly. 

Synopsis  of  Species  of  Glossina  (adapted  from  Austen). 

I  All  the  segments  of  the  tarsus  of  the  hind  legs  completely  or 
mainly  dark  brown  or  black  when  viewed  from  above  =  2. 
All  the  segments  of  the  tarsus  of  the  hind  legs  not  dark  brown 
or  black  when  viewed  from  above  =  5* 
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4- 


7- 


8. 


^The  base  and  tip  of  the  first  3  dark  segments  of  the  tarsus  of 
the  hind  legs  may  be  pale.  Second  abdominal  tergum  buff 
with  a  large  dark  spot  on  either  side  ;  the  3rd  and  following 
terga  buff,  each  with  a  sharply  defined  dark  brown  cross, 
band  broadly  interrupted  in  the  middle  line.  Size  small- 
6  to  8  mm.  =  Q%  tachinoides . 

The  first  3  segments  of  the  tarsus  of  the  hind  legs  are  not  quite 
so  dark  as  the  last  two.  Abdomen  with  a  distinct  reddish 
tinge,  the  2nd  and  3rd  terga  with  an  ill-defined  smoky 
patch  on  either  side,  the  4th  and  following  terga  more  or 
less  daubed  with  brown.  Size  small,  hardly  larger  than 
G.  tachi?ioides  =  Q%  auste7ii. 

All  the  segments  of  the  tarsus  of  the  hind  legs  uniformly  dark 
f  brown  or  black  above  ;  size  moderate,  8  to  10  mm.  =  3. 

Abdomen  dark  brown  above,  usually  with  a  distinct  appearance 
of  fine  cross-banding  due  to  the  extreme  hind-margins  of  the 
terga  being  pale  ;  the  2nd  tergum  with  a  small  pale  triangle, 
the  apex  of  which  is  continuous  with  a  fine  pale  median  line 
on  the  other  terga  =  G.  palpalis. 

Abdomen  brown  above  without  any  appearance  of  cross-banding, 
though  the  anterior  terga  are  pale  in  the  middle  line  =  4. 

Third  antennal  segment  pale,  somewhat  slender,  fringed  in  front 
and  behind  with  long  hair  =  G.  pallicera. 

Third  antennal  segment  not  pale,  not  fringed  with  long  hair 

=  G.  caliginea. 

Abdominal  terga  distinctly  cross-banded  ;  last  2  segments  of  tarsus 
of  hind  legs  conspicuously  dark  brown  or  black  =  6. 

Abdomen  not  distinctly  cross-banded  ;  last  2  or  3  segments  of 
hind  tarsi  darker  than  the  first  2  or  3  segments  ;  size  usually 
large ,  10  to  13-5  mm.  =  8. 

Last  2  segments  of  tarsus  of  front  and  middle  legs  with  sharply 
defined  dark  brown  or  black  tips  =  7. 

Last  2  segments  of  tarsus  of  front  and  middle  legs  without  sharply 
defined  dark  tips  G.  pallidipes . 

"Third  antennal  segment  with  a  distinct  fringe  of  hair  on  front 
margin  =  G.  longipalpis. 

Third  antennal  segment  without  such  a  distinct  fringe 

v  =  G.  morsitans. 

r  Thoracic  markings  distinct  =  9. 

Thoracic  markings  reduced  to  four  (occasionally  six)  sharply 
defined,  rather  elongate  dark  brown  spots  ;  tip  of  bulb  of 
proboscis  dark  brown  G.  longipennis. 

f  Third  antennal  segment  conspicuously  fringed  with  fine  hair  on 
J  front  and  back  margins  =  10. 

I  Third  antennal  segment  with  fringe  of  fine  hair  on  front  margin 
hardly  noticeable  =  ir. 

N 
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(Longest  hairs  of  the  fringe  on  front  margin  not  exceeding  one* 
third  the  width  of  the  segment  =  G.  tabaniformis . 

Longest  hairs  of  the  fringe  on  front  margin  from  half  to  three- 
fourths  the  width  of  the  segment  =  G.  nigrofusca. 


1 1. 


12. 


13. 


f  Wings  dull  sepia-coloured  =12. 

I  Wings  light  drab  =  !3- 

f  Pleura  drab  grey,  hind  coxae  buff  or  greyish-buff  G.  fusca. 

I  Pleura  dark  grey,  hind  coxae  mouse-grey  G.  fuscipleuris . 

'  Wing  with  the  upper  thickened  portion  of  the  anterior  cross-vein 
much  darker  than  the  adjacent  veins  and  thus  standing  out 
conspicuously  G.  brevipalpis. 

Wing  with  the  upper  thickened  portion  of  the  anterior  cross-vein 
not  remarkably  conspicuous  G.  medicorum . 


Fig.  SI. — Genitalia  of  Glossina 
pcilpalis.  (3) 


Fig.  82. — Genitalia  of  G. 

morsitans.  ( 3 ) 


G.  severini ,  Newstead  (see  p.  200),  is  not  included  in  the  table  ;  it 
appears  to  be  very  much  like  G.  fusca  and  fuscipleuris ,  but  differs  in 
having  all  the  segments  of  the  hind  tarsi  either  uniformly  dark  brown 
or  dark  with  the  first  2  segments  paler  than  the  others. 

Newstead  separates  the  species  of  Glossina  into  three  groups 
according  to  the  form  and  relations  of  the  large  claspers  of  the 
male. 

In  the  first  group,  which  includes  palpalis ,  tachinoides,  pallicera,  and 
caliginea ,  the  claspers  usually  end  in  a  strong  tooth  and  are  connected 
by  a  membrane  (Fig.  81). 

In  the  second  group,  which  includes  morsitans ,  longipalpis , 
pallidipes ,  and  austejii,  the  claspers  are  broadly  spathulate  with  the 
outer  distal  angle  acuminate,  and  in  addition  to  being  connected  by  a 
membrane,  have  also  their  inner  borders  in  contact  to  some  extent,  by 
reason  of  their  spathulate  form  (Fig.  82). 

In  the  third  group,  which  includes  fusca ,  nigrofusca ,  severini ,  tabani- 
f or  mis,  brevipalpis ,  and  longipennis ,  the  claspers  are  not  in  any  way 
connected  with  one  another,  and  end  in  a  bluntly  acuminate  or  bicuspid 
tip  (Fig.  83). 
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Glossina  palpalis ,  Robineau-Desvoidy.  According  to 
Austen  this  species  occurs  (in  suitable  natural  stations)  over 
the  whole  of  western  Tropical  Africa,  from  the  mouth  of  the 
Senegal  (about  lat.  i6°  N.),  eastwards  by  southwards  to  the 
southern  Bahr-el-Gazal  (about  lat.  8°  N.),  then  southwards 
along  the  basins  of  the  Nile  and  of  lakes  Victoria  and 
Tanganyika,  then  westwards  by  southwards  to  Benguela 
(about  lat.  130  S.).  Within  this  range,  suitable  conditions 
being  present,  it  is  usually  found  between  sea-level  and  3000 
feet,  and  has  not,  according  to  Bagshawe,  been  recorded  at 
an  altitude  above  4000  feet. 

These  suitable  conditions  include  shade  of  some  sort,  a 
shade-temperature  of  about  850  Fahr.,  and  the  proximity  of 


Fig.  83.  — Genitalia  of  Glossina  fusca.  (<5) 

water  to  provide  a  fairly  humid  atmosphere.  Though  shade 
is  indispensable,  the  fly  is  not  active  after  sunset  or  in  cloudy 
weather ;  though  a  moist  atmosphere  is  indispensable,  a 
water-logged  soil  is  obnoxious,  since  the  pupa  has  been 
shown,  by  Bagshawe,  to  require  a  light  well-drained  crum¬ 
bling  soil  for  its  development ;  and  though  the  propinquity  of 
water  is  essential,  the  fly  is  known  to  follow  travellers,  both 
by  road  and  rail,  for  a  considerable  distance  from  its  riverside 
haunts. 

Glossina  palpalis  is  said  to  feed  on  the  blood  of  any  kind 
of  mammal,  and  also  to  attack  birds,  reptiles,  amphibia,  and 
even  amphibious  fishes  like  certain  gobies,  or  even  big 
caterpillars  and  worms. 

As  regards  reproduction,  Roubaud,  from  observation  of 
captive  flies,  found  that  the  first  larva  was  dropped  about 
three  weeks  after  coupling,  and  that  other  larvae  followed  at 
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intervals  of  nine  or  ten  days.  He  also  noticed  that  the 
larva  transformed  to  a  pupa  in  about  three-quarters  of  an 
hour;  that  the  pupal  stage  lasted,  in  suitable  conditions, 
thirty-two  to  thirty-five  days ;  and  that  pupae  were  killed  by 
prolonged  burial  in  damp  earth,  or  by  several  hours’  exposure 
to  a  hot  sun  even  though  covered  with  2  inches  of  dry  earth. 
Bagshawe  observed  that,  in  nature,  pupae  of  G.palpalis  were 
to  be  found,  more  than  an  inch  below  the  surface  of  the 
ground,  in  well-drained  humus,  sheltered  by  trees  or  bush, 
within  25  yards — commonly  within  10  yards — of  water  ;  twice 
he  found  pupae  in  crevices  in  rock,  and  twice  between  the 
buttress-roots  of  fig-trees.  On  the  shores  of  Lake  Victoria 
Nyanza,  Marshall  and  Fraser  found  the  pupae  in  sand.  In 
Sierra  Leone,  Yorke  and  Blacklock  noticed  that  the  ground 
underneath  oil-palms  was  favoured  for  pupation,  even  when 

considerably  distan"  from  water. 

Glossina  palpalis  is  notorious  as  the  species  first  proved 
by  Bruce  and  his  coadjutors  to  be  the  natural  carrier  of  one 
of  the  trypanosomes  of  Sleeping  Sickness,  T.  gambiense ,  in 
East  Africa.  Attention  has  already  been  directed  to  the 
fact  that  of  flies  fed  in  the  laboratory  upon  animals  infected 
with  this  trypanosome  only  about  5  Per  cenh  become 
infective.  Kleine,  who  was  the  first  to  show  that  the  fly  is 
not  a  merely  mechanical  agent,  inclines  to  the  opinion  that 
G.  palpalis  may  not  be  equally  dangerous  as  a  carrier  at  all 

seasons. 

For  the  control  of  this  species  in  the  vicinity  of  man, 
Bagshawe  has  recommended  the  systematic  and  periodic 
eradication  of  scrub  and  free  lopping  of  the  lower  branches 
of  trees,  for  a  distance  of  not  less  than  3°  yards  fr°m  the 
edge  of  water,  in  all  places  where  men  congregate.  He 
illustrates  this  measure  by  showing  how  deforestation  in 
certain  areas  once  infested  has  incidentally  led  to  the  dis¬ 
appearance  of  the  fly. 

Glossina  palpalis  var.  pallida,  Simpson.  A  small  variety, 
extremely  like  G.  tachinoides  in  size  and  colouring,  found 
in  Northern  Nigeria.  It  can  be  distinguished  from  G. 
tachinoides  by  the  3rd  segment  of  the  antenna,  which  is 
longer  and  has  its  anterior  edge  more  concave. 

Glossina  palpalis  var.  wellmani ,  Austen.  This  variety  is, 
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according  to  Austen,  found  in  Angola,  Gambia,  the  Katanga 
district  of  the  Congo  Free  State,  the  Matondwi  Islands  of 
Lake  Tanganyika,  and  elsewhere.  It  is  said  to  be  dis¬ 
tinguishable  from  typical  G.  palpalis  by  a  reduction  of  the 
longitudinal  markings  of  the  thorax  and  to  graduate  into 
the  typical  form. 

Glossina  Justifies,  Newstead,  and  Glossma  maculata,  Newstead,  pro¬ 
bably  are  only  synonyms  of  G.  palpalis. 

Glossina  caliginea ,  Austen.  This  species  is  known  at 
present  only  from  Southern  Nigeria.  It  differs  from 
G.  palpalis  chiefly  in  its  slightly  larger  size;  in  the  abdomen 
being  darker,  though  the  pale  area  on  the  2nd  segment  is 
larger  ;  and  in  not  having  the  hind  margins  of  any  of  the 
abdominal  segments  definitely  pale. 

Glossina  pallicera ,  Bigot.  This  species,  which  has  been 
found  in  places  from  Sierra  Leone  to  French  Congo,  is  said 
to  be  rare.  It  differs  from  G.  palpalis  chiefly  in  having  the 
abdomen  muddy  brown  without  any  pale  definition  of  the 
hind  margins  of  the  segments,  and  in  having  the  3rd  segment 
of  the  antennse  “cream  buff  to  ochraceous  buff,”  and  fringed 
with  long,  fine,  pale  yellowish  hair. 

Glossina  tachinoides ,  Westwood.  This  is  a  small  species, 
the  length,  according  to  Austen,  being  from  6-8  to  8-4  mm. 
in  the  female  and  from  6  to  675  mm.  in  the  male.  It  has 
been  found  in  West  Africa,  from  Senegal  to  French  Congo, 
in  the  French  Sudan,  in  “German”  East  Africa,  and  in 
Southern  Arabia,  being  the  only  species  known  to  exist  out¬ 
side  the  African  continent.  It  is  easily  recognised  among 
the  species  having  all  the  tarsi  of  the  hind  legs  dark,  by  its 
small  size,  and  by  the  very  distinctly  banded  abdomen.  The 
ground  colour  of  the  abdomen  is  buff,  on  the  dorsum  of  the 
2nd  segment  there  are  two  lateral  dark  spots,  and  on  the 
dorsum  of  segments  3  to  6  there  are  dark  cross-bands  which 
are  broadly  interrupted  in  the  middle  line,  and  fall  consider¬ 
ably  short  of  the  lateral  and  hind  margins  of  the  segments. 
Like  G.  palpalis  this  species  is  usually  found  near  water¬ 
courses. 

Glossina  morsitans ,  Westwood.  According  to  Austen, 
this,  the  original  and  notorious  “  tsetse-fly,”  is  the  most 
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widely  distributed  of  all  the  species  of  Glossina ,  its  northern 
range  being  bounded  on  the  west  by  Senegambia  and  on 
the  east  by  Abyssinia,  and  its  southern  range  extending  into 
Zululand.  Within  these  limits  the  fly  is  found  in  more  or 
less  shady  “belts,”  which,  however,  are  not  so  definitely 
related  to  water-courses  as  are  those  of  G.  palpalis  and 
G.  tachinoides.  The  greatest  elevation  known  for  this 
species  is  5000  to  5500  feet.  It  is  said  to  deposit  its  larvae 
during  the  dry  season  in  shady  spots  along  the  banks  of 
streams,  and  during  the  rainy  season  in  the  forest,  in  sandy 
soil  under  dense  vegetation,  in  crannies  in  the  living  trees, 
especially  among  the  buttresses  of  the  roots,  or  in  rotten 
stumps  and  under  dead  trunks  and  fallen  branches,  or  in 
ant-hills  and  burrows,  etc.  LI.  Lloyd  states  that  in  Northern 
Rhodesia  breeding  is  almost  confined  to  the  warmer  part  of 
the  dry  season  ;  and  he  has  also  made  the  important  local 
observations  that  pupae  are  deposited  in  greatest  abundance 
near  paths,  game-tracks,  fords,  drinking-places,  and  that 
near  the  pupa-grounds  there  is  always  some  relatively  dark 
place  where  the  mother  can  hide  during  pregnancy.  Larvae 
were  observed  by  Kinghorn  to  transform  to  pupae  in  four  or 
five  hours,  and  pupae  left  unprotected  in  the  laboratory  to 
hatch  in  forty-seven  to  fifty-three  days. 

Glossina  morsitans  is  the  living  document  of  Bruce’s  great 
discovery  of  the  nature  of  the  “tsetse-fly  disease  ”  of  domestic 
animals.  Recently  Taute  and  others  have  shown  that  under 
certain  climatic  conditions  it  can  transmit,  experimentally, 
the  “  human  ”  trypanosome  T.  gambiense.  Still  more  recently 
Kinghorn  and  Yorke  have  proved  it  to  be  the  natural  carrier 
of  another  “human.”  trypanosome,  T.  rhodesiense ,  in  Northern 
Rhodesia,  in  exactly  the  same  way  as  G.  palpalis  is  of 
T.  gambiense  in  other  areas. 

Glossina  submorsitans ,  Newstead.  This  is  a  local  West 
African  variety  of  G.  morsitans  in  which  the  dark  abdominal 
cross-bands  are  very  sharply  defined,  and  are  very  regularly 
and  equally  interrupted  in  the  middle  line  on  the  3rd,  4th, 
and  5th  segments. 

Glossina  longipalpis ,  Wiedemann.  This,  according  to 
Austen,  is  essentially  a  West  African  species,  but  has  also 
been  found  in  the  south-eastern  corner  of  the  Congo  Free 
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State.  It  is  slightly  larger  than  G.  morsitans ,  has  the 
dark  abdominal  cross-bands  distinctly  deeper  fore-and-aft, 
and  has  a  conspicuous  fringe  of  fine  hair  on  the  front  margin 
of  the  3rd  segment  of  the  antennae. 

Glossina  pallidipes ,  Austen.  This,  according  to  Austen, 
is  essentially  an  East  African  species,  its  range  extending 
from  Zululand  to  (at  least)  the  northern  boundaries  of 
Uganda  and  British  East  Africa.  It  resembles  G.  longipalpis 
at  all  points,  except  that  the  2  terminal  segments  of  the  tarsi 
of  the  front  and  middle  legs  are  either  entirely  pale,  or  may 
have  faint  traces  of  brown  at  their  tips ;  whereas  in  G. 
longipalpis ,  as  also  in  G.  morsitans  and  its  variety,  the  tips  of 
the  tarsi  in  question  are  conspicuously  dark  brown. 

Glossina  austeni ,  Newstead.  A  small  species,  about  the 
same  size  as  G.  tachinoides ,  occurring  in  British,  “  German,” 
and  Portuguese  East  Africa.  All  the  hind  tarsi  are  dark, 
but  the  last  2  segments  are  the  darkest.  The  large 
claspers  of  the  male  are  spathulate  with  the  outer  angle 
pronounced,  as  in  G.  morsitans.  The  abdomen  has  a  distinct 
reddish-ochre  tinge.  The  middle  pair  of  thoracic  stripes 
may  be  faint,  whereas  the  outer  pair  are  very  broad  and 
distinct. 

The  following  species  are  for  the  most  part  flies  of 
conspicuously  large  size.  Several  of  them  were  for  some  time 
confused  with  G.fusca ,  Walker. 

Glossina  fusca ,  Walker,  Austen.  The  range  of  the  species, 
according  to  Austen,  extends  from  Sierra  Leone  to  the 
Uganda  Protectorates,  and  is  not  known  to  include  the  East 
African  Protectorate  or  “German”  and  Portuguese  Africa, 
or  Nyasaland  or  Rhodesia.  Austen’s  measurements  give 
the  length  of  the  male  as  9 -6  to  11  *6  mm.,  and  of  the  female 
10-5  to  1 1-8  mm.  The  characteristic  thoracic  markings  of 
the  genus  are  distinct ;  the  abdomen  is  light  dirty  brown 
at  base,  becoming  umber-brown  distally,  and  there  is  no 
appearance  of  banding ;  the  last  2  tarsal  segments  of  the 
hind  legs  are  dark  brown,  as  are  the  tips  of  the  same 
segments  of  the  front  and  middle  legs;  the  wings  are 
dusky  (“  dull  sepia-coloured  ”)  ;  the  hairs  of  the  arista  number 
seventeen  to  twenty.  G.  fusca  is  said  to  bite  at  night, 
not  uncommonly. 
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Glossina  fuscipleuris ,  Austen.  This  species,  found  in  the 
Congo  Free  State,  differs  from  G.  fusca  in  having  (i)  the 
pleura  “  dark  grey  instead  of  drab  grey  ” ;  (2)  the  coxae 
of  the  hind  legs  “  mouse-grey  instead  of  buff  or  greyish-buff,” 
and  more  conspicuously  fringed  on  the  lower  part  of  the 
hind  margin  ;  (3)  the  fore  end  of  the  anterior  cross-vein 
more  conspicuously  thickened  ;  and  (4)  the  hypopygium  of 
the  male  more  nearly  oval  in  outline. 

Glossina  severini ,  Newstead.  From  the  Congo  Free  State. 
Described  from  two  specimens,  which  resemble  G . fiscipleuris 
in  the  main,  but  differ  in  having  all  the  tarsal  segments 
of  the  hind  legs  either  uniformly  dark  brown  or  dark  with 
the  Tst  and  2nd  segments  paler  than  the  other  three. 

Glossina  nigrofusca ,  Newstead.  According  to  Austen, 
the  range  of  this  species  extends  at  any  rate  from  Ashanti 
to  the  Congo  Free  State.  The  species  differs  from  G.  fusca  ; 
(1)  by  having  the  3rd  segment  of  the  antennae  clothed  with 
long  fine  pale  hair,  which  forms  a  conspicuous  fringe  to  both 
borders  of  the  segment,  the  width  of  the  fringe  on  the 
anterior  border  being  from  one-half  to  three-fourths  the 
breadth  of  the  segment ;  and  (2)  in  the  greater  number — 
twenty-two  to  twenty-eight  or  twenty-nine — of  the  hairs  of 
the  arista.  It  is  said  to  enter  houses. 

Glossina  tabaniformis ,  Westwood,  Austen.  According  to 
Austen,  the  area  of  distribution,  so  far  as  it  is  known, 
includes  the  Ivory  and  Gold  Coasts,  Southern  Nigeria,  and 
the  Congo  Free  State.  G.  tabaniformis  is  believed  to  be 
found  near  houses  and  to  board  river-steamers,  and  to  bite 
at  night.  It  differs  from  G.  fusca  much  in  the  same  way 
that  G.  nigrofusca  does,  and  differs  from  the  latter  species 
in  having  (1)  the  palpi  and  proboscis  much  shorter;  (2)  the 
fringe  of  hairs  on  the  borders  of  the  3rd  segment  of  the 
antennae  narrower,  the  longest  hairs  of  the  front  margin 
being  only  from  one-fourth  to  one-third  the  width  of  the 
segment ;  and  (3)  only  eighteen  to  twenty-three  hairs  on 
the  arista. 

Glossina  brevipalpis ,  Newstead.  According  to  Austen, 
this  is  the  common  large  tsetse-fly  of  many  parts  of  Southern, 
Central,  and  Eastern  Africa,  being  found  in  Angola,  the 
southern  part  of  the  Congo  Free  State,  North-eastern 
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Rhodesia,  Nyasaland,  and  in  Portuguese,  “  German,”  and 
British  East  Africa.  It  needs  shade,  and  though  not  so 
dependent  on  the  vicinity  of  water  as  G.  palpalis ,  is  more 
so  than  G.  morsitans .  It  is  said  to  be  crepuscular  in  its 
habits  and  to  bite  only  in  the  evening  about  sunset  or  in 
the  early  morning.  One  of  the  most  striking  points  of  the 
species,  to  casual  view,  are  the  wings  with  the  region  of 
the  anterior  and  posterior  cross-veins  so  much  darkened 
(“  infuscated  ”)  as  to  look  like  two  spots.  It  is  distinguished 
from  G.  fusca ,  inter  alia ,  by  having  (i)  the  proboscis  and 
palpi  much  shorter  ;  (2)  the  characteristic  thoracic  markings 
washed  out  in  appearance ;  and  (3)  the  wings  paler.  By 
the  members  of  the  Royal  Society’s  Nyasaland  Commission 
it  was  found  to  be  infected,  naturally,  with  Trypanosoma 
brucei  vel  rhodesiense. 

Glossina  medicorum ,  Austen.  According  to  Austen,  this 
species  is  known,  at  present,  only  from  West  Africa.  It  is 
the  smallest  of  the  G.  fusca  and  G.  brevipalpis  groups, 
Austen’s  measurements  being  for  the  male  9  to  10  mm., 
and  for  the  female  10  to  106  mm.  It  is  said  to  present 
a  superficial  resemblance  to  G.  brevipalpis ,  but  to  be  dis¬ 
tinguishable  from  that  species  by  the  uniformly  pale  wings. 

Glossina  longipennis ,  Corti.  An  East  African  species, 
which,  according  to  Austen,  has  up  to  the  present  time  been 
recorded  only  from  Somaliland  and  the  East  Africa  Pro¬ 
tectorate.  It  is  one  of  the  most  easily  recognised  of  all  the 
large  tsetse-flies,  by  the  four  small  dark  brown  spots  on  the 
dorsum  of  the  thorax,  and  by  the  sharply  defined  dark- 
brown  tip  of  the  bulb  of  the  proboscis. 


CHAPTER  XVIII 

Muscoid  Families  of  Minor  Importance  :  Sarcophagidae, 

Anthomyidae,  CEstridae,  etc. 

These  four  families — Sarcophagidce ,  Anthomyidce ,  Tachinidcz , 
and  Dexiidce — are  here,  in  accordance  with  commonly  accepted 
custom  treated  as  distinct,  but  there  are  good  authorities  who 
still  regard  them  merely  as  subfamilies  of  Muscidcz. 

Family  Sarcophagidae  :  Flesh-flies  (crdp£=  flesh  ;  (payed 
=.  to  eat).  These  flies,  which  have  the  habits  of  blow-flies,  are 
distinguished  from  Muscidcz  by  having  the  distal  half,  or  less, 
of  the  arista  bare  ;  the  body  also,  though  thick-set,  is  more 
elongate,  and  in  most  of  the  species  the  thorax  is  striped 
black  and  grey  and  the  abdomen  is  checkered  or  mottled 
black  and  grey.  Some  of  them,  e.g.  the  common  Cynomyia 
mortuorum ,  are  coloured  quite  like  a  blue-bottle  and  can 
then  be  distinguished  only  by  the  shape  and  by  the  arista. 
Many  of  the  Sarcophagidce  are  viviparous,  producing  numerous 
small  maggots  at  a  birth. 

The  larvae  live  in  filth  and  carrion  of  all  sorts,  but  some 
are  parasitic  in  other  insects,  and  the  larvae  of  Sarcophaga  are 
not  infrequently  found  in  wounds  and  in  the  nasal  passages, 
as  well  as  in  the  intestine,  of  man.  Cases  have  been  reported, 
from  several  parts  of  the  world,  in  which  the  frightful  havoc 
wrought  by  Sarcophaga  maggots  burrowing  from  the  nasal 
passages  into  the  tissues  of  the  head  indiscriminately,  has 
resulted  in  a  painful  and  loathsome  death,  the  fcetor  being 
appalling.  These  larvae  much  resemble  Muscid  larvae  (Fig.  66) 
in  general  form,  and  more  particularly  those  of  the  screw- 
worm  ( Chrysomyia ),  the  segments  being  separated  by  well- 
marked  constrictions,  but  the  spines  that  encircle  the 
segments  are  minute. 
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Family  ANTHOMYID^:  (av0og  =  a  flower;  iuvia  =  a  fly). 
These  flies  are  distinguished  from  Muscidce,  which  they 
otherwise  resemble,  by  the  course  of  the  4th  longitudinal 
vein  and  the  widely  open  1st  posterior  cell  (Fig.  84):  from 
Acalyptrate  Muscoids,  many  of  which  have  much  the 
same  venation,  they  usually  differ  in  their  large  squamae, 
and  the  approximated  eyes  of  the  male. 


The  maggots  of  Anthomyids  may  be  parasitic  in  plants, 
and  may  thus  damage  garden  produce ;  or  in  the  larvae 
of  insects  and  other  invertebrates,  or  even  in  the  sub¬ 
cutaneous  tissue  of  mammals  and  young  birds  ;  or  in  decom¬ 
posing  matter.  The  maggots  of  Hydro  Ice  a  dentipes ,  found 
along  with  those  of  house-flies,  blow-flies,  etc.,  are  said  to 
be  actively  predaceous  upon  them  :  the  adult  male  of  this 
species  is  distinguished  among  Anthomyidce  by  having  the 
posterior  edge  of  the  front  femur  and  tibia  dentate  or 


tuberculate.  The  species  of  Homalomyia  have  much  the 
same  habits  as  the  common  house-fly,  for  which  they  are 
often  mistaken :  they  deposit  their  eggs  on  any  sort  of 
decomposing  or  fermenting  matter,  and  the  curiously 
ornamented  maggots  (Fig.  85)  have  sometimes  been  found, 
pseudoparasitically,  in  man — even  in  the  urinary  passages. 
A  species  of  the  widely  distributed  genus  Lispa  is  said  by 
Dr  Atkinson  to  catch  and  eat  mosquito-larvae  in  Hongkong : 
Lispa  can  be  recognised  by  its  spotted  abdomen  and  by  its 
broad  spooned  palpi ;  the  intimate  structure  of  its  proboscis, 
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which  closely  resembles  that  of  Philcematomyia ,  is  well 
adapted  (Fig.  86)  for  the  purpose  ascribed. 

Family  Tachinid/e  (r<xxivd  =  swift).  The  flies  of  this  enormous 
family  can  usually  be  distinguished  from  Muscidce  by  the  bare  arista 
and  very  bristly  body.  The  larvae  live  as  parasites  in  the  larvae  of 
other  insects,  particularly  in  the  caterpillars  of  Lepidoptera,  pupating 
in  and  ultimately  destroying  their  victims.  The  tendency  of  the  family 
is  therefore  beneficial,  notwithstanding  that  certain  species  sometimes 
destroy  the  larvae  of  useful  insects.  Some  few  Tachinidcz  which  have 
a  long,  pointed,  chitinous  proboscis,  might  be  mistaken  for  blood¬ 
suckers. 

Family  DEXilDas  (5e£i6s  =  nimble).  The  species  of  this  very  large 
family  resemble  Tachinidtz  both  in  structure  and  habits.  Like 
Tachinidce  they  are  very  bristly,  but  usually  the  arista  is  pubescent 

and  the  body  and  legs  are  elongate. 

/ 


Family  CFSTRIDSE,  Bot-flies.  (Lat,  CE strus  =  olo-rpos  =  a 
fly  that  drives  to  frenzy).  The  adults  of  this  family  are 
very  short-lived,  and  have  the  mouth  small  and  the  mouth- 
parts  vestigial  or  rudimentary.  They  attach  their  eggs  to 
the  hairs  of  mammals,  in  which  the  resulting  larvae  are 
parasitic  either  in  the  stomach  or  intestine,  or  in  the 
pharynx  and  nasal  passages  and  the  sinuses  adjacent,  or  in 
the  subcutaneous  tissue.  When  the  maggot  is  full  grown  it 
leaves  its  victim  and  pupates  in  the  earth.  As  a  rule  the 
larva  of  each  species  of  fly  has  a  preference  for  one  particular 
kind  of  mammal.  A  good  many  species  are  parasitic  in 
domestic  animals,  and  several  of  these  may  fortuitously 
victimise  man  ;  the  species  most  known  as  a  human  parasite 
is  the  “  Macaw- worm  ”  ( Dermatobia  noxialis)  of  Tropical 
America. 
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The  flies  are  more  or  less  hairy  and  bee-like,  and  have  a 
large  head  with  a  heavy,  swollen,  somewhat  “underhung” 
face  ;  the  antennae  and  the  wing-venation  are  much  like  those 
of  a  Muscid  fly,  and  the  squamae  are  usually  large.  The 
maggots  are  large  and  stout,  and  usually  are  ringed  with 
many  large,  recurved,  dark-coloured  spines. 

The  following  synopsis  of  CEstrid  genera  determined 
by  larval  characters  is  taken,  with  modifications,  from  Brauer’s 
Monograph. 


Synopsis  of  Genera  of  OS  sir  idee  {Larva;). 

I.  Parasitic  in  Alimentary  Canal  of  Mammals. 

{a)  With  two  -pair  of  mouth-hooks ,  7iamely  a  small ,  straight ,  co7inive7ii 
77iedia7i  pair,  a7id  a  large ,  diver ge7it  lateral  pair. 

1.  Gastrophilus ,  Leach.  In  stomach  of  Equidce ,  in  all  parts  of  the 
world.  Body  somewhat  flask-shaped.  Antennae  short,  united  at  base, 
and  with  a  single  small  ocellus-like  ring  at  tip.  Posterior  stigmata  reni- 
form  with  the  spiracular  slits  straight  or  slightly  curved. 

2.  Gyrosiig77ia,  Brauer.  In  stomach  of  African  and  Sumatran 
rhinoceros.  Body  with  well-defined  lateral  folds  or  swellings.  An¬ 
tennae  with  two  ocellus-like  rings  at  tip.  Posterior  stigmata  reniform, 
the  spiracles  long  and  regularly  meandering.  [The  adult  fly,  described 
by  Corti  as  Spathicera ,  differs  from  Gastrophilus  in  having  the  2nd 
antennal  segment  spathulate  and  forming  a  bract  to  the  parts  beyond.] 

{( b )  With  one  pair  of  7nouth-hooks. 

3.  Cobboldia ,  Brauer.  In  stomach  and  gut  of  Indian  and  African 
elephant.  Body  with  well-defined  lateral  folds  or  swellings.  Antennae 
distinctly  separated  at  base,  with  two  ocellus-like  rings  at  tip.  Anterior 
stigmata  large.  Posterior  stigmata  oval,  the  spiracles  nearly  straight, 
somewhat  convergent  ventrally. 

[. Spathicera ,  Corti.  The  adult  of  which  is  peculiar  in  having  the 
2nd  antennal  segment  spathulate,  and  broadly  overhanging  the  rest 
of  the  antenna,  has  been  shown  by  Sjostedt  to  be  the  adult  of 
Gyrostigmai] 

II.  Parasitic  in  Naso-pharynx  and  Adjacent  Air-sinuses 
of  Mammals.  All  with  one  pair  of  mouth-hooks. 

{a)  Antemice  distinctly  separated  at  base.  Posterior  stig7nata 
deep-seated  in  a  depression  of  the  terminal  seg77ie7it. 

1.  CEstrus ,  L.  In  sheep  and  goats  in  all  parts  of  the  world.  Body 
with  well-defined,  oblique  lateral  swellings  ;  spines  wanting  on  dorsum. 
Antennse  with  two  “  ocelli ;;  at  tip.  Posterior  stigmata  in  a  broad  and 
comparatively  shallow  pocket. 
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2.  Rhincestrus,  Brauer.  In  nose  of  horse  and  hippopotamus.  Europe, 
Asia,  and  Africa.  Spines  on  dorsum.  Antennae  as  in  CEstrus.  Posterior 
stigmata  in  a  narrow  and  deep  pocket. 

3.  Cephalomyia,  Macquart.  In  nose  of  buffalo  and  camel.  South 
Europe  and  North  Africa.  Body  tapering  posteriorly,  girdled  with 
large  papillae  in  addition  to  spines  or  spinules.  Antennae  with  only 
one  “ocellus.”  Posterior  stigmata  in  a  deep  pocket. 

4.  Pharyngobolus ,  Brauer.  In  pharynx  of  African  elephant.  Spines 
not  numerous.  Antennae  with  three  “ocelli.”  Posterior  stigmata  in  a 
narrow  and  deep  pocket. 

if)  Antenna  distinctly  separated  at  base.  Posterior 
stigmata  7iot  much  simken. 

5.  Pharyngomyia ,  Schiner.  In  pharynx  of  deer.  Europe.  Body 
somewhat  broader  anteriorly  ;  spines  laterally  on  the  posterior  border 
of  some  of  the  segments  (as  well  as  on  the  anterior  border  of  the 
segments).  Antennae  with  two  “  ocelli.”  Anterior  stigmata  in  the 
form  of  conspicuous  little  yellow-brown  buttons.  Posterior  stigmata 
smooth,  shiny,  very  oblique. 

(c)  Antenna  united  at  base.  Posterior  stigmata  not  much  sunken. 

6.  Cephenomyia ,  Latreille.  In  deer.  Europe  and  America.  Body 
broader  anteriorly,  the  segments  transversely  grooved  with  intervening 
swellings.  Spines  only  on  the  anterior  border  of  the  segments. 
Antennae  with  two  “  ocelli.” 

III.  Parasitic  in  Subcutaneous  Tissue  of  Mammals. 

(a)  Last  segment  of  body  7iot  invaginated. 

(i.)  No  77iouth-hooks. 

1.  Hypoder77ia ,  Latreille.  Ruminants  and  horse.  Cosmopolitan. 
Body  oval  or  piriform  ;  a  fine  horse-shoe-shaped  dorso-lateral  groove 
anteriorly  ;  spinature  of  dorsal  and  ventral  surfaces  dissimilar.  An¬ 
tennae  not  projecting,  with  one  “  ocellus.” 

2.  CEde77iage7ia ,  Latreille.  Reindeer.  North  Europe  and  North 
America.  Differs  from  Hypo  derma  in  having  spinature  of  dorsum  and 
venter  almost  similar. 

3.  Strobilcestrus ,  Brauer.  African  antelopes.  Body  club-shaped, 
attenuated  posteriorly,  with  lateral  processes  which  give  it  a  pine-cone 
appearance  anteriorly  ;  no  belts  of  spines. 

(ii.)  07ie  pair  of  very  small  77iouth-hooks. 

4.  CEstromyia ,  Brauer.  Rodents.  Europe  and  Asia.  Body  oval, 
the  spines  scale-like.  Antennae  much  approximated,  with  two  “  ocelli.” 
Mouth-hooks  very  small. 

5.  Demnatastrus ,  Brauer.  African  antelopes.  Body  with  groups  of 
small  thick-set  spines.  Antennae  small,  widely  separated,  with  one 
“ocellus.”  Mouth-hooks  stout,  flat,  widely  separated. 
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(b)  Last  segment  retractile  into  the  preceding  segment.  0?ie  pair 
of  mouth-hooks.  Restricted  to  America. 

6.  Dermatobia ,  Brauer.  Various  mammals,  including  man.  Body 
elongate,  piriform  or  claviform,  much  attenuated  posteriorly,  the  after 
part  almost  tail-like  in  the  young  larva.  Anterior  spiracles  in  the  form 
of  long  clefts  with  laciniate  edges. 

7.  Rogenhofera ,  Brauer.  Rodents.  Body  oval  or  piriform,  thickly 
covered  with  scales. 

8.  Cuterebra ,  Clark.  Rodents.  Body  oval,  the  segments  trans¬ 
versely  grooved,  either  beset  with  spines,  or  covered  with  scales. 
Anterior  spiracles  situated  between  the  1st  and  the  2nd  segments. 

9.  Bogeria ,  Austen.  ?  Rodents.  Larva  unknown,  described  from 
pupa.  Segments  not  transversely  grooved,  their  edges  spinose,  their 
surface  bearing  small  clavate  papillae,  not  scales. 

IV.  Larva  and  its  Habits  unknown. 

Microcephalus  from  Central  Europe  and  Asia,  and  CEstroderma  from 
Central  Asia.  The  adults  of  both  have  characteristically  long  and 
slender  legs. 

Gastrophilus.  The  larva  is  attached  to  the  mucous  coat 
of  the  stomach  of  the  horse,  ass,  and  other  Equidce.  The 
adult  fly  has  the  arista  bare,  the  squamae  small,  and  the 
4th  longitudinal  vein  not  curved  forward.  The  eggs  are 
attached  to  the  host’s  hairs,  and  the  young  larvae  are  licked 
in  by  the  host,  though  Hadwen  and  Cameron  think  it 
possible  that  they  may  penetrate  through  the  intermaxillary 
skin  or  lips.  When  full  grown  the  larvae  become  detached 
and  are  passed  in  the  faeces.  The  pupa  stage  is  stated  by 
Mote  to  last  from  thirty  to  forty  days. 

CEstrus .  The  larva  is  parasitic  in  the  nasal  passages 
and  sinuses  of  sheep  and  goats,  the  young  larvae  creeping 
up  from  the  host’s  muzzle.  When  full  grown  the  larva 
drops  or  is  sneezed  out.  These  maggots  are  said  to  trouble 
shepherds  in  North  Africa.  In  the  adult  fly  the  4th  longi¬ 
tudinal  vein  bends  abruptly  forward  so  as  to  close  the 
1st  posterior  cell. 

Hypoderma.  The  larvae  are  subcutaneous  parasites 
chiefly  of  Ruminants,  giving  rise  to  inflammatory  swellings 
on  the  host’s  back.  In  the  adult  fly  the  4th  longitudinal 
vein  bends  forward,  and  there  are  not  even  traces  of 
maxillary  palps.  The  eggs  are  attached  to  the  hairs,  and 
it  is  stated  by  Carpenter  and  Hewitt  that  the  young  larvae 
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bore  through  the  skin  ;  but  Curtice  adduces  evidence,  which 
is  confirmed  by  Vaney,  that  the  larvae  may  reach  their 
destination  by  way  of  the  gullet.  When  full  grown  the 
maggot  bursts  through  the  inflamed  skin.  Hypoderma 
maggots  have  occasionally  been  found  in  man. 

Dermatobia.  The  larva  is  a  subcutaneous  parasite  of 
various  mammals,  including  man,  in  Tropical  America  and 
the  West  Indies,  being  known  as  the  “Macaw-worm”;  it  is 
elongate,  pear-shaped,  or  club-shaped,  the  posterior  part  of 
the  body  in  the  younger  stages  being  much  attenuated 
(Fig.  87).  According  to  Sambon  it  has  long  been  known 


Fig.  87. — Macaw-worm  ;  Larva  of  Dermatobia. 

that  the  eggs  are  carried  to  their  destination  by  mosquitoes, 
but  recently  they  have  been  found  adherent  not  only  to 
mosquitoes  but  also  to'  other  domiciliary  flies,  e.g.,  the  house¬ 
fly,  stable-fly,  and  other  Muscids,  and  a  Tabanid.  Neiva 
and  Gomes,  in  Brazil,  observed  that  eggs  thus  transported 
did  not  hatch  until  brought  in  contact  with  the  warm  skin 
of  a  prospective  host,  and  that  if  in  that  promising  situation 
the  emerging  larvae  could  not  succeed  in  reaching  the  skin 
they  would  retire  within  the  egg  again.  The  same  observers 
estimate  the  average  duration  of  the  life-cycle  from  egg  to 
adult  to  be  from  120  to  140  days,  the  larva-stage  lasting 
from  35  to  74  days,  and  the  pupa-stage  from  33  to  78  days 
according  to  season. 


CHAPTER  XIX 


Diptera  Pupipara 

(Lat.  Pupa ,  and pario  —  to  bring  forth.) 

The  flies  of  this  comparatively  small  group  are  so  named 
because,  so  far  as  their  method  of  reproduction  is  known, 
they  give  birth  to  a  full-grown  larva — one  at  a  birth — which 
pupates  almost  immediately  it  is  extruded ;  but  as  this 


Fig.  88. — Hippobosca  maculata. 

method  is  now  known  to  occur  outside  the  group  (in  Glossina ) 
the  name  as  such  is  not  entirely  appropriate. 

The  flies  themselves  are  blood-sucking  parasites  which 
live  concealed  among  the  hairs  of  mammals  and  under 
the  feathers  of  birds,  but  one  minute  species  is  a  parasite 
of  bees.  They  are  sometimes  styled  “tick-flies.”  They 
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are  distinguished  by  the  tough  or  hard  integument;  by 
the  head,  which,  as  a  rule,  is  either  broadly  impacted 
against,  or  turned  right  back  on  the  thorax  ;  by  the  broad 
thoracic  sterna  ;  by  the  often — though  not  always — indis¬ 
tinctly  segmented  abdomen  ;  by  the  reduction  of  the  antennae  ; 
and  by  the  stout  legs — sometimes  with  the  1st  tarsal  segment 
elongate — ending  in  remarkably  strong  grasping  claws,  the 
heel  of  which  is  almost  as  sharp  as  the  tip.  The  proboscis, 
which  is  retractile,  is  otherwise  like  that  of  Glossina.  Wings 
are  sometimes  present,  sometimes  vestigial,  sometimes 

palp  antenna 


caducous,  and  sometimes  altogether  absent ;  when  present 
their  veins  may  be  complete,  or  may  be  incomplete  and 
a  good  deal  crowded  together  in  the  antero-internal  part 
of  the  wing.  Though  the  Pupipara  are  blood-suckers  they 
do  not,  except  fortuitously,  attack  man. 

The  following  families  are  included  in  this  group  : — 

(i)  Hippoboscidce  (Figs.  88,  89),  parasitic  on  large  mammals 
and  on  birds;  (2)  Streblidcz  (Fig.  91),  parasitic  on  bats; 
(3)  Nycteribiidce  (Fig.  90),  also  parasitic  on  bats  ;  (4)  Braulidce, 
a  minute  wingless  parasite  of  bees.  In  addition  a  small, 
unsegmented,  headless  insect,  known  as  Ascodipteron ,  which 
was  found  buried  in  the  skin  of  a  bat  in  the  Dutch  East 
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Indies,  has  been  included  among  the  Pupipara ,  as  the  type 
of  a  family  Ascodipteridcz. 

Pamily  HlPPOBOSCID^E  (r7T7ro9  =  horse  *  /3ocr/ceA  =  to  feed) 
(Fig.  88).  In  the  Hippoboscidce  the  head  is  sometimes  globose 
and  freely  movable,  but  is  generally  flattened  and  broadly 
impacted  or  sunk  against  the  prothorax.  The  antennae  are 
composed  of  a  single  segment,  which  in  some  species  is  sunk 
in  a  pit  on  either  side  of  the  mouth,  and  bears  a  free  bristle 
or  a  tuft  of  long  hairs.  The  palpi  are  coarse  and  somewhat 
curved,  and  form  a  loose  sheath  for  the  protruded  proboscis  : 
this,  which  is  retractile,  is  much  like  that  of  Glossina ,  the 


Fig.  90. — Nycteribiid  Fly  from  “  Flying-fox  ”  Bat. 


labium  consisting  of  a  bulbous  base  and  a  slender  shaft  which 
includes  the  epipharynx  and  hypopharynx — these  as  in  the 
Muscidea  being  the  only  mouth-parts,  besides  the  palpi,  that 
are  present  The  salivary  apparatus  is  remarkably  well 
developed.  The  thorax  is  broadly  flattened  and  strongly 
chitinised.  The  legs  are,  usually,  not  much  elongated,  but 
are  stout  and  end  in  powerful  claws  ;  these  have  the  heel 
almost  as  prominent  as  the  tip,  and  sometimes  a  third  cusp 
near  the  heel.  The  wings  in  some  species  are  well  developed, 
and  have  a  Muscoid  venation ;  in  other  cases  again  they  are 
reduced  in  size ;  in  Lipoptena  (Fig.  89)  they  are,  as  the  name 
implies,  caducous,  and  in  the  “sheep-tick”  (. MelopKagus )  they 
are  entirely  wanting.  The  abdomen  is  a  tough  sack  with 
indistinct  segmentation. 
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The  Hippoboscidce  are  to  be  regarded  as  Muscidea  adap¬ 
tively  modified  for  parasitism,  as  is  shown  in  the  form  of  the 
body,  the  modification  of  the  legs  and  claws,  the  manner  of 
pupation,  and  also — and  in  that  graduated  diversity  which  is 
so  instructive — by  the  degeneration  of  the  antennae  and  eyes 
and  wings.  They  occur  in  all  parts  of  the  world,  and  though 
they  annoy  and  sometimes  possibly  do  hurt  to  domestic 
animals,  they  do  not  as  a  rule  trouble  man. 

Some  wingless  Hippoboscidae  (eg.  the  “sheep-tick,”  Melo- 
phagus  ovinus)  are  practically  stationary  parasites  throughout 
life,  the  pupa  being  deposited  among  the  hairs  of  the  host. 
In  this  species  the  pupal  stage  is  said  to  last  from  nineteen 
to  thirty-six  days,  according  to  temperature.  The  pupa 
stage  of  Hippobosca  is  said  to  last  from  three  to  four  weeks. 


Synopsis  of  principal  genera  of  Hippoboscidse  ;  after  Speiser. 


=  i. 


i. 


2.  -1 


A.  Wings  well  developed  and  functional 

B.  Wings  rudimentary  or  wanting  =  7* 

r Claws  with  the  usual  two  points  (heel  and  tip)  ;  parasitic  on 
mammals  =  2. 

I  Claws  with  three  teeth  ;  parasitic  on  birds  =  3* 

Head  of  normal  form,  not  broadly  impinging  on  the  thorax,  freely 
movable  ;  no  ocelli.  Wings  always  present  =  Hippobosca . 
Head  flat,  broadly  impinging  on  the  thorax ;  ocelli  present. 

Wings  sometimes  (in  the  female  nearly  always)  becoming 
.  detached,  leaving  only  a  shred  Lipoptena. 

f  Ocelli  present  =  4* 

\ Ocelli  wanting.  No  anal  cell.  =  6. 

fAnal  cell  present.  =  5* 

(No  anal  cell  =  Ornithophila. 

/-Third  longitudinal  vein  not  elbowed  at  the  anterior  cross-vein 
I  =  Ornithomyia . 

■*’  Third  longitudinal  vein  abruptly  bent  forwards  at  the  level  of  the 

^  onfAvInv  Train  =  f)  ary]  f  ill  rvm 


o 

0* 


4- 


anterior  cross-vem 


7- 


8. 


rWings  of  a  peculiarly  pointed  form,  the  tip  however  rounded 
4  =  Lynchia . 

I  Wings  of  the  ordinary  form  with  broadly  rounded  tip  =  Olfersia. 
|  Wings  present,  but  rudimentary -and  functionless  :  halteres  present 

^Wings  and  halteres  absent  =  Melophagus. 

f  Claws  with  the  usual  two  points  (heel  and  tip)  =  9- 

\  Claws  with  three  teeth  —  IO’ 
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''Ocelli  present.  Wings  always  well  developed,  but  always  in  the 
female  and  generally  in  the  male  becoming  detached,  so  that 
only  shreds  remain  which  resemble  rudimentary  wings 

=  Lipoptena. 

Ocelli  wanting.  Wings  rudimentary.  Legs  much  enlarged  or 
elongated  =  Allobosca. 

f  Ocelli  present.  Wings  narrow,  nearly  ten  times  as  long  as  broad, 
io.  j  and  longer  than  the  abdomen  =  Sternopteryx . 

^Ocelli  absent.  Wings  at  most  three  times  as  long  as  broad  =  n. 
(  Wings  as  long  as  or  longer  than  the  abdomen  =  Oxypterum. 
I  Wing-rudiments  much  shorter  than  the  abdomen  =12. 

'Veins  of  the  wings  distinct.  Asiatic  species  =  Myiophthiria. 
Veins  of  the  wings  indistinct.  North  American  species 

=  Brachypteromyia. 

Family  Streblid^e  (ot/^/SX^  =  an  instrument  of  torture)  (Fig.  91). 
The  flies  of  this  family  live  exclusively  on  bats,  and  exhibit  much  the 
same  structural  adaptations  to  a  parasitic  habit  as  the  Hippoboscidce. 
The  head  as  a  rule  is  freely  movable.  The  legs  are  strong  (in  a  few 
forms  only,  elongate),  they  end  in  very  powerful  claws,  and  usually  have 
the  5 th  tarsal  segment  much  enlarged.  Wings  may  be  well  developed, 
or  reduced  to  small  lamellae,  or  altogether  wanting  ;  when  present  their 
longitudinal  veins  are  often  very  regularly  spinulose  or  bristly.  The 
eyes,  if  present,  are  much  reduced  in  size.  The  antennae  may  take  the 
form  of  broad  bristly  lobes.  The  proboscis  is  a  retractile  poniard,  and 
the  palpi  are  inconspicuous.  The  abdomen  is  leathery  and  ill-segmented. 


1 1. 


12. 


Synopsis  of  Genera  <?/Streblidae  ;  after  Speiser. 

'Head  strongly  convex,  not  divided  transversely  into  two  portions, 
and  without  a  collar  of  spines  on  its  posterior  ventral  border  ; 
5th  tarsal  segment  generally  enlarged,  at  least  as  long  as 
the  3  preceding  segments  combined ;  thorax  without  lateral 
grooves,  generally  not— or  little— longer  than  broad,  or  if 
longer  than  broad  then  without  functional  wings  ;  abdomen 
as  a  rule  with  only  the  1st  segment  distinctly  differentiated 
i*  =2  ( Nycterioboscince ). 

Head  slightly  convex,  apparently  formed  of  two  portions,  always 
with  dorsal  and  ventral  combs  of  spines,  one  on  the  posterior 
ventral  border  being  conspicuous  ;  5th  tarsal  segment  not 
remarkably  enlarged  ;  thorax  distinctly  longer  than  broad, 
with  lateral  longitudinal  grooves  up  to  the  attachment  of  the 
front  legs  ;  abdomen  conical,  with  2  large  anterior  segments 
and  3  small  posterior  segments  distinct  =  8  ( Streblinee ). 

J  Wings  well  developed  and  functional  =  3. 

I  Wings  much  reduced,  vestigial,  or  absent  =  6. 

(Wings  with  4  or  5  longitudinal  veins  =  4. 

Wings  with  6  nearly  parallel  longitudinal  veins  ;  edge  of  wing 
more  or  less  emarginate  below  the  tip 

=  Trichobius  (Neotropical). 
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4- 


/  Wings  with  5  longitudinal  veins 
1  Wings  with  4  longitudinal  veins 


5- 


6. 


7* 


I  vvmgo  wiLxx  H  xux.gnuuuxax  v^.xxo,  eyes  very  distinct  ;  5th  tarsal 
l  segment  not  enlarged  =  Brachytarsina  (North  Africa). 

"Eyes  present  even  if  small  and  simple  ;  head  more  or  less  mobile, 
not  impacted  on  thorax  which  is  strongly  convex 

=  Nycteribosca  (North  Africa,  Oriental,  Australian). 
Eyes  absent  ;  thorax  slightly  convex  with  the  head  hard  recumbent 
upon  it  =  Raymo7idia  (North  Africa,  Oriental). 

All  the  legs  of  ordinary  length  =  7- 

Third  pair  of  legs  much  elongated,  twice  as  long  as  the  body 

Megistopoda  (Neotropical). 
/Wings  in  the  form  of  small  plates  =  Lepopteryx  (Neotropical). 
I  Wings  altogether  wanting  =  Paradyschiria  (Neotropical). 

'Wings  with  3  distinct  cross-veins  ;  3rd  pair  of  legs  elongate  ; 
mesosternum  not  contracted  anteriorly 


—  Strebla  (Neotropical). 
Wings  without  cross-veins  ;  3rd  pair  of  legs  not  elongate  ; 
mesosternum  contracted  anteriorly 

=  Euctenodes  (Neotropical). 


Fig.  91. — Streblid  Fly:  TrichoHus  parasiticus. 


Family  Nycteribiid/e  (vvKTepls  =  a  bat  ;  plos  =  mode  of  life).  These 
are  long-legged,  wingless,  spider-like  flies,  parasitic  on  bats.  The  head 
in  repose  is  turned  right  back  so  as  to  fit  in  a  depression  of  the  dorsum 
of  the  thorax  (in  Fig.  90  the  head  is  shown  disengaged  from  its  groove, 
which  is  shaded).  The  1  st  tarsal  segment  is  in  most  species  greatly 
elongate.  In  addition  to  powerful  claws  for  grasping  there  are  usually 
present,  on  each  shoulder,  and  also  on  the  1st  abdominal  tergurn, 
beautifully  regular  <c combs”  of  spines  for  adhesion.  Eyes  may  be 
present  or  absent.  The  antennae  which  are  deep-set  are  commonly 
2-  or  3-segnaented  and  project  stiffly  over  the  base  of  the  palpi,  but  in 
at  least  one  species  they  are  prehensile.  The  proboscis  is  retractile,  and 
consists  of  a  large  bulb  and  a  slender,  cylindrical  shaft,  with  the  tip 
truncated  and  sometimes  barbed  ;  and  the  palpi  are  slender,  stiff,  and 
beset  with  very  long  bristles. 
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Synopsis  of  Genera  of  Nycteribiidae  ;  after  Speiser. 

No  comb  on  ist  abdominal  sternum;  ist  tarsal  segment  quite 
short  ;  anterior  part  of  head  projecting  hood-like  over  the 
antennae  and  mouth-parts 

=  Archinycteribia  (i  species  in  Bismarck  Archipelago). 
A  comb  on  ist  abdominal  sternum;  ist  tarsal  segment  longer 
or  little  shorter  than  the  tibia  ;  anterior  part  of  head  not 
projecting  —  2* 

"  Tibiae  with  two  or  three  light  coloured  rings  or  “pseudo-joints” 

=  3* 

1  Tibiae  not  ringed,  having  bristles  in  transverse  rows  of  three  on 
(  their  ventral  surface  —  4* 

f  Tibiae  withithree  rings  ;  eyes  composed  of  two  ocelli 
|  =  Cyclopodia  (Ethiopian,  Oriental,  and  Australian  Regions). 

1  Tibiae  with  two  rings  ;  eyes  composed  of  one  ocellus 
(  =  Eucampsipoda  (2  species,  Ethiopian  and  Oriental  Regions). 

"  Eyes  present,  composed  of  one  ocellus  ;  abdomen  and  legs  with 
long  pencils  of  bristles 

I  =  Penicillidia  (Palaearctic,  Ethiopian,  Oriental). 

(No  eyes  ;  bristles  never  brush-like  = Nyctenbia  (Cosmopolitan). 


CHAPTER  XX 


Order  Siphonaptera  (Aphaniptera)  :  Pleas 

(Gr.  a-lfjxav  =  sucking  tube  ;  airrepo^  —  wingless  ;  afpavrjs  — 

invisible;  inep6v  =  wing.) 

The  Siphonaptera,  or  Fleas,  are  laterally  compressed,  wing¬ 
less  insects,  with  mouth-parts  formed  for  piercing  and  sucking, 
and  they  undergo  a  complete  metamorphosis  in  the  course 
of  their  post-embryonic  development. 

Fleas  are  active  parasites  of  mammals  and  birds.  Some 
species  will  feed  on  almost  any  warm-blooded  animal 
indiscriminately,  but  the  majority  either  are  restricted  to  one 
particular  kind  of  animal  (host),  or  have  a  decided  preference 
for  one  species  of  host  and  attack  other  species  with 
reluctance.  Both  sexes  suck  blood,  and  in  one  family 
( Dermatophilidce )  the  females,  though  free  in  their  earlier 
stage,  eventually  become  permanently  attached  to  their  host, 
like  ticks. 

Fleas  may  act  both  as  porters  and  as  true  carriers  of 
other  parasites  of  their  hosts.  Thus  the  dog-flea  and  the 
rat-flea  of  Europe  harbour  the  cysticercus  of  certain  tape¬ 
worms  of  their  hosts ;  the  same  rat-flea  acts  as  the  inter¬ 
mediate  host  of  the  trypanosome  of  the  rat ;  and  the  same 
dog-flea  is  believed  to  be  one  of  the  carriers  of  a  Leishmania 
in  dogs  and  cats,  identical  with  L.  infantum.  But  the  chief 
importance  of  fleas  from  the  medical  standpoint  is  as  porters 
of  the  plague  bacillus  among  rats  and  other  rodents,  and  from 
these  to  man.  The  flea  about  which  most  is  known,  in  this 
connection,  is  Xenopsylla  cheopis ,  the  common  rat-flea  in  the 
tropics ;  but  it  has  also  been  demonstrated  experimentally 
that  several  other  species— e.g.  Pulex  irritans  (the  human 

flea),  Ceratophyllus  fasciatus  (the  common  rat-flea  in  Europe), 
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Ctenopsylla  musculi  (a  very  widely  distributed  species), 
Hoplopsyllus  anomalus  (an  American  species  infesting 
rodents),  Pygiopsylla  ahalce  (an  I ndo- Australian  species) — 
are  capable  of  carrying  the  infection  of  plague. 

As  regards  Xenopsylla  cheopis ,  it  was  shown  by  the 
Indian  Plague  Committee  to  be  easily  infected  from  rats, 
and  to  remain  infective  for  some  time,  the  only  point  that 
remained  unsettled  being  the  manner  in  which  it  distributed 
its  infection.  As  it  was  proved  that  the  ingested  plague 
bacilli,  though  they  multiplied  in  the  insect’s  gut,  did  not 
spread  into  the  body-cavity  and  salivary  glands,  but  passsed 
out  in  the  faeces,  it  was  supposed  that  the  infected  faeces 
must  come  into  contact  with  the  bites  inflicted  by  the  flea, 
or  with  the  abrasions  caused  by  scratching  the  bites. 
Recently,  however,  Bacot  and  Martin  have  demonstrated 
the  fact  that  under  certain  conditions  an  infective  flea  can 
transmit  the  infection  in  the  act  of  sucking,  or  attempting  to 
suck,  blood.  These  observers  have  noticed,  in  fleas  that  have 
fed  on  heavily-infected  rats,  that  the  bacilli  may  multiply  to 
such  an  extent  as  to  block  the  anterior  end  of  the  insect’s 
stomach  with  what  is  practically  a  pure  culture.  Such 
“  obstructed  ”  fleas  are  most  pertinacious  in  their  attempts 
to  feed,  and  are  still  able  to  suck.  But  the  only  result  of 
sucking  is  to  distend  the  gullet  with  fresh  blood,  which 
becomes  infected  by  contact  with  the  obstruction ;  so  that 
whenever  the  insect  stops  sucking  there  is  an  inevitable 
reflux  of  this  infected  blood  through  its  proboscis  into  the 
wound.  Messrs  Bacot  and  Martin  show,  further,  that 
though  fleas  suffering  from  obstruction  will  shrivel  and 
die  in  a  hot  and  dry  atmosphere,  yet  if  the  air  be  moist, 
and  particularly  if  it  be  also  cool,  they  may  live  for  several 
weeks,  or  may  even  ultimately  recover;  in  this  event  the 
obstructive  and  infective  clot,  though  it  becomes  pervious, 
persists,  so  that  a  recovered  flea  remains  infective  for  the 
rest  of  its  life. 

According  to  A.  W.  Bacot  the  human  flea  ( Pulex  irritans) 
can  live,  if  fed  regularly  on  its  natural  host,  for  513  days; 
and  if  starved,  but  kept  in  a  saturated  atmosphere,  for 
125  days;  but  it  cannot  stand  starvation  in  a  hot  and 
dry  atmosphere.  The  same  observer  finds  that  in  saturated 
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air  the  European  rat-flea  ( Ceratophyllus  fasciatus )  can  endure 
starvation  for  95  days,  the  dog-flea  ( Ctenocephalus  canis ) 
for  58  days,  and  the  tropical  rat-flea  {Xenopsj/lla  cheopis)  for 
38  days ;  though  none  of  them  can  withstand  starvation 
coupled  with  heat  and  drought. 

External  Structure  of  the  Flea. — The  head  is  irregularly 
conical  in  shape  and  the  gena,  or  cheek,  is  wide,  with 
its  lower  angle  (genal  angle)  often  pronounced,  or  even 
produced  backwards.  An  elegant  comb  of  teeth  is  found 
in  some  fleas  on  the  edge  of  the  cheek,  or  on  the  lower 
edge  of  the  head.  Eyes  may  be  present  or  not  ;  when 
present  they  are  simple  (non-faceted).  No  supplementary 
ocelli  are  present.  Behind  and  above  the  eyes  are  the 
antennae,  which  in  repose  are  lodged  in  definite  pits.  Each 

max  max.p  jab  p 


mand. 

hypoph 

mand 


Fio.  92. — Mouth-parts  of  Flea. 

antenna  consists  of  2  smaller  basal  segments,  and  a 
larger  oval  segment,  or  club ,  which  is  more  or  less  distinctly 
divided  into  nine  rings.  There  are  some  definitely  placed 
bristles  on  the  head,  the  number  and  exact  position  of  which 
are  useful  for  discriminating  species. 

The  most  conspicuous  appendages  of  the  mouth  (Fig.  92) 
are  the  maxillae  and  their  palps,  which  to  some  extent 
conceal  the  other  parts.  The  maxillae  are,  commonly, 
triangular  dependent  flaps,  and  their  stout  segmented  palps 
project  like  antennae  from  the  lower  front  of  the  head. 
Between  the  maxillary  flaps  are  the  labial  palps ;  these 
spring  from  an  insignificant  labial  plate,  are  more  or  less 
segmented,  and  form  by  their  apposition  a  sheath  for  the 
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piercing  and  suctorial  tube.  This  last  consists  of  (i)  a 
pair  of  longitudinally  grooved,  finely  serrated,  needle-like 
mandibles,  and  (2)  an  unpaired  bristle  —  the  hypopharynx 
which  is  barbed  distally. 

The  3  segments  of  the  thorax  are  quite  independent. 
Each  consists  of  a  dorsal  arc  (tergum  or  notum)  carrying  one 
or  more  belts  of  bristles,  and  of  two  latero-ventral  pieces 
(“sterna”).  In  some  species  the  pronotum,  or  tergum  of 
the  1st  thoracic  segment,  has  a  comb  of  elegant  teeth  on  its 
after  edge 

The  legs  are  long  and  strong,  the  third  pair  being  the 
longest.  They  are  remarkable  for  the  great  length  and 
breadth  of  the  coxa  ;  the  femur  also,  and  to  a  less  extent  the 
tibia,  are  usually  much  expanded.  The  number  and  disposi¬ 
tion  of  the  bristles  of  the  several  joints  of  the  legs  are  used 
for  distinguishing  species.  The  paired  claws  are  very  strong, 
and  have  the  heel  extremely  prominent. 

The  abdomen ,  which  is  large  and  deep,  is  composed  of 
10  segments,  of  which  not  more  than  9  are  plainly  apparent. 
The  first  7  are  unmodified  rings,  consisting  each  of  a  tergal 
and  sternal  arc,  bearing  one  or  more  belts  of  bristles ;  the 
next  2  are  modified — differently  in  the  two  sexes — for  sexual 
purposes.  The  8th  segment  is  much  dilated  ventrally,  more 
so  in  the  female.  In  the  9th  segment  the  tergum  is  in  great 
part  occupied,  dorsally,  by  a  pitted  and  setose  sensory  plate 
known  as  the  pygidium;  in  the  female  the  sternum  of  this 
segment  forms  the  wall  of  the  vagina  ;  in  the  male  the  sides 
of  the  tergum  form  the  large  claspers ,  and  the  sternum  forms 
a  complicated  mechanism  for  the  support  of  the  large  and 
complex  penis :  all  these  sexually  modified  parts  of  the 
9th  segment,  except  the  pygidium,  are  internal,  though  the 
tips  of  the  claspers  project  externally.  The  small  tergum 
and  sternum  of  the  10th  segment  form  in  both  sexes  the 
roof  and  floor  of  the  anus.  The  form  of  the  claspers  and 
penis  show  characteristic  differences  in  the  different  species, 
as  do  the  number  and  disposition  of  the  bristles  on  the 
sides  of  the  8th  tergum  of  the  female.  A  large  bristle, 
or  bristles,  on  either  side  of  the  7th  tergum  project  over 
and  beyond  the  pygidium,  and  are  known  as  antepygidial 
bristles . 
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Internal  Anatomy  (Fig.  93). — The  pharynx,  which  acts 
as  a  suction  pump,  lies  on  the  head,  and  the  gullet  is  simple. 
The  stomach  when  fully  distended  occupies  almost  the  whole 
abdomen ;  its  anterior  end  forms  a  separate  cavity — the 
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gizzard,  or  proventricle — which  is  thickly  lined  internally 
(Fig.  94)  by  retrorse  chitinous  bristles.  A  short  intestinal 
coil  terminates  in  a  rectal  pouch.  At  the  junction  of  stomach 
and  intestine  four  Malpighian  tubes  debouch.  There  are 
two  pairs  of  salivary  glands,  and  the  common  salivary  duct 
terminates  in  a  contractile  reservoir  below  the  mouth. 


Fig.  94.— Section  of  Proventricle  of  Flea. 


Reproduction  and  Metamorphosis. — The  female  flea  is 
larger  than  the  male,  and  has  a  longer  and  more  oval 
abdomen,  in  which,  in  a  cleared  and  mounted  specimen,  the 
curved  receptaculum  seminis  is  a  conspicuous  object.  The 
ovaries  are  of  a  type  common  to  many  insects  :  each  consists 
of  a  tuft  of  independent  tubes  converging  to  a  common  duct, 
the  free  ends  of  the  tubes  containing  immature  eggs  being 
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filamentous,  and  the  attached  ends  containing  mature  eggs 
being  enlarged. 

The  eggs,  which  are  very  large,  are  dropped  by  the 
female — not,  except  in  the  case  of  bat-fleas,  attached  to  the 
host — and  are  to  be  found  in  places  where  animals  rest 
and  sleep.  In  summer  they  hatch  in  two  to  twelve  days, 
but  development  is  prolonged  by  cold  and  drought. 


The  larva  (Fig.  95)  is  an  active,  footless  maggot,  of  a 
whitish  colour,  and  is  sparsely  but  regularly  hairy.  It  is 
composed  of  a  head  and  13  segments  of  nearly  uniform 
diameter,  the  last  segment  ending  in  a  pair  of  hooks.  The 


head  (Fig.  96)  carries  a  pair  of  small  antennae,  a  pair  of 
stout  serrated  jaws,  and  two  pairs  of  maxillae  with  jointed 
palps. 

The  larva  lives  on  miscellaneous  organic  particles,  among 
which,  according  to  Bacot,  the  faeces  of  the  adult  are  an 
important  constituent.  The  same  observer  states  that  the 
new-hatched  larva  may  exist  for  more  than  a  month  without 
food,  in  a  humid  atmosphere.  When  full  grown  the  larva 
spins  a  cocoon  in  which  it  pupates.  The  cocoon  is  made  of 
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silky  material  strengthened  with  small  pieces  of  rubbish 
and  grit  (Fig.  97);  the  pupa  (Fig.  98)  lies  loose  inside  it. 
The  exact  duration  of  the  larval  and  pupal  stages,  and  the 
conditions  that  determine  it,  have  also  been  carefully  studied 
by  Bacot.  He  finds  that  with  certain  common  species  the 
larva  has  an  active  stage,  and  a  quiescent  stage  in  which 
it  may  rest  in  its  cocoon  before  pupating.  The  active  stage 
of  the  larva  of  P.  irritans  varies  from  9  to  202  days,  of  that 
of  C.  canis  from  11  to  142  days,  of  that  of  C.  fasciatus  from 
15  to  1 14  days,  and  of  that  of  X.  cheopis  from  12  to  84  days. 
The  cocoon  stage  (quiescent  larva  and  pupa)  of  C.  fasciatus 
ranges  from  8  to  at  least  600  days,  of  C.  cams  from  7  to 
354  days,  of  P.  irritans  from  7  to  239  days,  and  of  X.  cheopis 
from  7  to  182  days.  These  observations  are  sufficient  to 


Fig.  97. — Cocoon  of  Flea,  Xenopsylla  cheopis.  Fig.  98. — Pupa  of  Xenopsylla  cheopis. 

explain  the  persistent  infestation  of  houses  that  have  long 
remained  untenanted. 

Classification  of  Fleas. — We  need  only  concern  ourselves 
with  the  few  ubiquitous  species  that  infest  man  and  domestic 
animals,  and  with  those  that  are  parasitic  on  rats  and  mice. 
These  belong  to  two  families,  Pulicidce  and  Dermatophilidce 
( 5  ar cop  sy  llidce). 

In  the  Pulicidce ,  of  which  the  common  human  flea  {Pulex 
irritans )  is  the  type,  the  thoracic  segments  are  not  fore¬ 
shortened,  the  coxae  and  femora  of  all  the  legs  are  much 
dilated,  the  head  is  more  or  less  conical,  and  the  labial  palps 
consist  of  more  than  3  segments. 

In  the  Dermatophilidoe ,  of  which  the  jigger  ( Sarcopsylla 
or  Dermatophilus  penetrans')  is  the  type,  the  thoracic 
segments  are  much  foreshortened,  as  if  “  telescoped,”  the 
coxae  and  femora  of  the  hind  legs  are  only  slightly  dilated, 
the  head  is  angulated,  and  the  labial  palps,  which  are  feebly 
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chitinised,  consist  of  less  than  3  segments,  or  even  appear  to 
be  unsegmented. 

For  the  determination  of  genera  and  identification  of 
species,  specimens  should  be  dehydrated  in  spirit,  cleared  in 
turpentine,  and  mounted  in  Canada  balsam.  In  the  case 
of  large  specimens  it  will  be  necessary  first  of  all  to  soften 
them  in  caustic  potash  solution,  and  perhaps  also  to  bleach 
them  slightly  in  peroxide  of  hydrogen. 


i. 


6. 

7- 


2.  \ 


Family  PULICIDdi. 

The  following  is  a  synopsis  of  the  pertinent  genera : — 

{Eyes  well  developed  (comb  on  head  and  pronotum  absent  or 
present)  —  2. 

Eyes  absent  or  vestigial  (comb,  or  teeth,  on  head  and  pronotum 
always  present)  =  6. 

^No  comb  on  head  or  pronotum  =  3. 

A  comb  on  pronotum  only  =  4. 

A  comb  on  pronotum  and  two  teeth  on  cheek,  at  the  genal  angle 

=  Chiastopsylla. 

A  comb  on  pronotum  and  on  lower  edge  of  head 

=  Ctenocephalus. 

"Sternum  of  mesothorax  divided  by  an  internal  chitinous  thickening 
which  runs  obliquely  forward  from  the  coxal  articulation 

=  Pulex. 

Sternum  of  mesothorax  divided  by  two  internal  chitinous  thicken¬ 
ings,  one  as  in  Pulex ,  the  other  running  vertically  upwards 
from  the  coxal  articulation  to  the  upper  border  of  the  meso- 
sternum  =  Xenopsylla. 

Pygidium  not  freely  projecting  =  5. 

Pygidium  strongly  convex  and  freely  projecting  behind 

=  Pygiopsylla. 

Club  of  antenna  incompletely  segmented  ;  only  one  antepygidial 
bristle  on  each  side  =  Hoplopsyllus. 

Club  of  antenna  completely  segmented  ;  more  than  one  ante¬ 
pygidial  bristle  on  each  side  =  Ceratophyllus . 

c  None  of  the  abdominal  terga  with  combs  =  7. 

3  One  or  more  of  the  abdominal  terga  with  a  comb 
l  =  Hyslricopsylla. 

f  Bristles  of  hind  border  of  tibiae  not  in  a  close-set  row  =  8. 

I  Bristles  of  hind  border  of  tibiae  in  a  close-set  row  =  Ctenopsylla. 
Last  tarsal  segment  of  first  and  second  legs  with  five  lateral  bristles 
on  either  side,  of  third  legs  with  four  =  Neopsylla. 

1  Last  tarsal  segment  of  first  and  second  legs  with  four  lateral 
l  bristles,  of  third  legs  with  three  =  Ctenophthalmus. 
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Genus  Pulex,  L.  (Fig.  99).  In  this  genus  there  are  no 
combs  on  head  and  pronotum,  the  eyes  are  large,  and  there 
is  only  one  pair  of  antepygidial  bristles.  The  best  known 
species  is  the  human  flea,  P.  irntans ,  L.,  which  is  as  cosmo- 


Fig.  99. — Common  Flea  ( Pulex  irritans). 


politan  as  its  host,  and  also  attacks  other  animals,  including 
the  rat.  Its  principal  specific  characters  are  as  follows  : — 
There  is  no  transverse  row  of  bristles  on  the  head,  each 
abdominal  tergum  has  only  one  belt  of  bristles,  the  labial 
palps  are  long  and  are  composed  of  3  segments,  and  there 
are  numerous  teeth  in  an  irregular  row  on  the  inner  side  of 
the  hind  coxae. 


Fig.  100.— Xenopsylla  cheopis. 


any 


Genus  Xenopsylla, ,  Glink  (Fig.  100).  This  genus  differs 
very  slightly  from  Pulex ,  the  chief  distinction  being  the 
presence  of  an  internal  chitinous  thickening  that  runs  from 
the  coxal  articulation  of  the  second  leg  upwards  through  the 
mesosternum  to  the  uppermost  corner  of  the  latter.  The 
most  notorious  species  is  X enopsylla  cheopis ,  Rothschild,  the 
common  rat-flea  of  the  tropics,  which  also  has  been  found  on 
rats  in  London  Docks.  According  to  Otten  the  life-cycle 
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of  this  species  in  Java  occupies  from  thirty-one  to  fifty-two 
days,  and  a  hot  saturated  atmosphere  is  fatal  to  the  larva. 

Genus  Hoplopsyllus ,  Baker  (Fig.  ioi).  This  North- 
American  genus  is  distinguished  from  Pulex  by  the  presence 
of  a  comb  of  teeth  on  the  hind  edge  of  the  pronotum.  One 
species,  H.  anomalus ,  Baker,  is  a  dangerous  rat-parasite  in 
North  America;  it  is  distinguished  by  having  about  nine 
teeth  in  its  pronotal  comb. 

Genus  Ctenocephalus ,  Kolenati  (Fig.  102).  The  common 


ant 


cat  and  dog  fleas,  which  are  also  found  on  rats  and  attack 
man,  are  the  best  known  species.  The  teeth  of  the  head- 
comb  in  these  species  are  in  a  longitudinal  row  on  the  lower 
edge  of  the  head.  They  are  cosmopolitan. 

Genus  Ceratophyllus,  Curtis  (Fig.  103).  this  is  a  very 
large  and  widespread  genus.  There  is  a  comb  on  the 
pronotum,  but  not  on  the  head,  and  there  are  three  ante- 
pygidial  bristles  on  each  side.  C.  fasciatus ,  Bose,  the 
common  rat-flea  of  Europe,  and  a  dangerous  species,  has 
eighteen  to  twenty  teeth  in  the  pronotal  comb. 

Genus  Pygiopsylla ,  Rothschild  (Fig.  104).  Two  species 

p 
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of  this  genus  are  recorded  by  Rothschild  from  rats,  and  both 
are  said  to  be  common  in  Australia.  One  of  them  also 
occurs  in  Java,  where  Otten  used  it  successfully  in  the 
experimental  infection  of  rats  with  plague.  The  genus 
is  characterised  by  its  peculiar  convex  pygidium,  the 
posterior  edge  of  which  projects  free  ;  in  other  respects  it 
closely  resembles  Ceratophyllus. 

Genus  Chiastopsylla ,  Rothschild.  Distinguished  from 
Ceratophyllus  by  having  two  teeth  at  the  angle  of  the  head 
behind  the  maxilla.  Rothschild  mentions  one  species  from 
a  rat  from  South  Africa. 

Genus  Ctenophthalmus ,  Kolenati  (Fig.  105).  The  eyes  are 
vestiges,  and  there  is  a  comb  on  either  side  of  the  head 
and  also  on  the  pronotum :  there  are  three  antipygidial 


bristles  on  either  side.  C.  agyrtes ,  found  on  the  brown  rat  in 
Europe,  has  sixteen  teeth  in  the  pronotal  comb,  and  three  in 
the  genal  (head)  comb.  Other  species  have  been  found  in 
America  and  South  Africa. 

Genus  Neopsylla ,  Wagner.  One  species,  having  two  teeth 
at  the  genal  angle,  has  been  taken  from  a  rat  in  Russia. 

Genus  Ctenopsylla ,  Kolenati  (Fig.  106).  The  species  are 
readily  distinguished  by  the  close-set,  almost  comb-like,  row 
of  bristles  on  the  hind  edge  of  the  tibiae.  The  head  is  sharply 
conical  and  has  a  comb,  as  has  also  the  pronotum.  C.  musculi 
is  of  common  occurrence  on  rats  and  mice  in  many  parts  of 
the  world,  and  has  been  proved  by  experiment  to  be  capable 
of  transmitting  plague  to  rats. 

Genus  Hystricopsylla,  Taschenberg.  The  species  of  this 
genus  are  large  and  hairy :  the  head  is  conical,  eyes  are 
absent  or  vestigial,  and  some  of  the  abdominal  terga,  as  well 
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as  the  cheek  and  pronotum,  have  a  comb  of  teeth :  the 
bristles  of  the  posterior  edge  of  the  tibia  are  set  in  numerous 
close,  transverse  rows— three  or  four  bristles  in  each  row.  In 
H. pectinata,  which  occurs  on  mice  and  rats,  there  is  only  one 
abdominal  comb,  situated  on  the  1st  tergum. 

Family  Sarcopsyllim:  (Dermatophilidse). 

The  following  are  the  pertinent  genera : — 

1.  Hind  coxa  without  a  patch  of  spines  on  the  inner  side 

=  Dermatophilus  (Sarcopsylla). 

2.  Hind  coxa  with  a  patch  of  spines  on  the  inner  side  —  Echidnophaga. 

Genus  Derniatophilus ,  Guerin  ( Sarcopsylla ,  Westwood). 
The  species  of  this  genus  are  known  as  jiggers,  and  both 


Fig.  107. — Pregnant  female  of  Dermatophilus  penetrans. 


are  indigenous  to  South  America.  The  male  is  of  minute 
size,  and  the  female  in  her  active  nuptial  stage  is  even 
smaller.  The  inferior  size  of  the  virgin  female  is  a  remark¬ 
able  phenomenon,  and  may  perhaps  be  an  adaptive  modifica¬ 
tion  to  maternal  prospects ;  for  after  becoming  fertilised  she 
must  attach  herself  firmly  to  her  host,  in  which  precarious 
process  it  must  be  an  advantage  to  the  species  that  the  fertile 
female  should  be  inconspicuous.  When  safely  imbedded  in 
her  host’s  skin  her  abdomen  swells  in  pregnancy  to  the  size 
of  a  pea  (Fig.  107) ;  she  then  lies  in  an  inflammatory  pocket 
of  skin  with  the  tip  of  her  abdomen  projecting  for  the 
extrusion  of  her  numerous  eggs. 
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The  human  jigger  ( D ermatophilus  penetrans ),  though  an 
indigene  of  South  America,  was  many  years  ago  carried 
to  West  Africa,  whence  it  has  since  spread  eastwards  and 
southwards  and  become  perhaps  commoner  than  in  its 
original  home.  From  Africa  it  has  been  transported  to 
Bombay,  but  does  not  seem  to  have  made  good  its  footing 
there.  It  is  not  a  specific  parasite  of  man,  but  also  attacks 
other  animals,  particularly  the  pig.  Jiggers  flourish  best  in 
dry  sandy  places.  They  usually  attack  the  feet,  especially 
the  toe-joints,  but  merely  because  the  foot  is  the  most 
accessible  part.  The  presence  of  the  pregnant  swollen 
female  naturally  causes  pain  and  inflammation,  which  may 
lead  to  indolent  ulceration,  and  even  to  gangrene  and  to  loss 
of  a  toe. 


Genus  Echidnophaga ,  Olliff  (Fig.  108).  This  is  a  genus 
widely  distributed  in  the  warmer  parts  of  the  world.  The 
best  known  species,  E.  gallinacea ,  is  found  on  fowls  and  on 
many  other  domestic  animals.  Several  species  attack  rats. 
Illingworth  states  that  the  adult  female  lives  from  eighteen 
to  forty  days,  and  the  male  from  two  to  six  days,  and  that 
the  duration  of  the  egg,  larva,  and  pupa  stages  is,  respectively, 
four,  six,  and  twelve  days. 

Destruction  of  Fleas. — In  the  tropics,  especially  in  the 
hot  and  the  early  part  of  the  wet  seasons,  fleas  are  often  a 
fearful  pest,  particularly  in  rooms  that  lately  have  been 
unoccupied.  The  easiest  way  to  get  rid  of  them  is  to 
sprinkle  the  floor  copiously  with  powdered  crude  naphthalene, 
and  a  few  days  after  to  take  up  the  mats,  shake  them  on  the 
spot,  and  then  to  sweep  the  room  and  burn  the  sweepings. 
Before  laying  the  mats  again  the  floor  should  either  be 
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well  swabbed  with  a  solution  of  perchloride  of  mercury 
(i-iooo),  or  some  other  insecticide  wash,  or  be  sprinkled 
with  naphthalene. 

Destruction  of  fleas  during  an  epidemic  of  bubonic 
plague  is  rather  a  question  of  destruction  of  rats,  which 
cannot  be  discussed  here.  But  it  is  pertinent  to  remark 
that  in  a  private  house  rats  do  not  stay  if  hanks  of  loose  tow 
impregnated  with  crude  creosote  are  placed  in  their  runs, 
and  a  serious  invasion  of  fleas  can  be  met  by  fumigation 
with  S02;  and  it  is  also  pertinent  to  suggest  that  during 
any  epidemic  of  plague  the  use  of  ointments  containing 
creosote  or  naphthalene,  etc.,  may  be  useful :  even  the 
mustard  oil  so  much  used  in  the  toilet  of  the  Indian  coolie 
is  not  to  be  despised. 

Ants,  though  in  many  ways  a  pest  in  a  house,  will  help 
to  keep  down  fleas. 


CHAPTER  XXI 


Order  Rhynchota  (Hemiptera) :  Bugs 

(Gr.  /ocyyo?  =  a  snout  or  beak.) 

The  mouth-parts  in  the  members  of  this  large  Order,  which 
includes  true  stinking  bugs,  cicadas,  aphids,  and  scale-insects, 
form  a  very  characteristic  beak :  two  pairs  of  wings  are 
typically  present  (though,  as  in  most  Orders,  wingless  species 
exist)  and  they  may  both  be  membranous,  or  the  front  pair 
may  have  the  basal  half  thickened  and  hardened  to  form 
a  wing-sheath.  The  metamorphosis  is  usually  “  incomplete, 
but  is  i(  complete  ”  in  the  case  of  the  males  of  the  scale-insects. 

The  Rhynchota  live  by  sucking  juices  ;  the  majority  of 
them  live  upon  the  sap  of  plants,  and  are  responsible  for 
an  enormous  amount  of  damage  to  crops  of  all  kinds,  but 
some  prefer  the  juices  of  animals,  and  among  these  are 
certain  species  that  habitually  or  occasionally  attack  man. 
It  is  chiefly  these  last  that  give  the  Order  an  interest  for 
the  medical  officer ;  but  he  should  also  take  heed  of  certain 
useful  bugs  that  destroy  other  insects,  and  particularly  of 
those  predaceous  aquatic  species  that  may  be  reckoned  as 
possible  enemies  of  mosquitoes  and  their  larvse ;  nor  must 
certain  bugs  that  furnish  useful  products  be  forgotten. 

The  mouth-parts  are  quite  characteristic.  The  labium , 
or  “  beak  ”  (Fig.  109),  is  a  segmented  proboscis,  usually  of 
considerable  length,  and  in  repose  is  bent  under  the  head  : 
it  is  devoid  of  palps,  and  it  is  so  deeply  grooved  along  its 
whole  length  as  almost  to  form  a  tube.  In  this  groove  the 
other  mouth-parts  lie,  so  that  the  labium  is,  like  that  of 
Diptera,  a  protective  sheath,  though  sometimes,  as  in  certain 
Diptera,  it  may  be  used  as  a  dagger.  The  mandibles  and 
maxillce — which  latter  have  no  palps,  and  are  barbed  or 
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burred  near  the  tip — are  long,  pointed  bristles,  and  it  is 
these  that  usually  form  the  sucking  tube.  The  mandibles 
are  longitudinally  grooved  along  their  opposed  surfaces — 
the  groove  being  “  double-barrelled  ” — so  that  when  they 
are  apposed  two  tubes  are  formed,  down  one  of  which  the 
saliva  runs  while  the  desired  juice  is  sucked  along  the  other. 
The  maxillae  embrace  and  support  the  mandibles.  The 
labrum  is  present,  but  is  quite  short. 

All  3  thoracic  segments  are  distinct,  though  the  posterior 
segments  are  often  more  or  less  hidden  by  the  hardened 
bases  of  the  front  wings.  The  prothorax  is  free,  and  the 
mesonotum  is  commonly  exposed  or  produced  behind  to 
form  a  scutellum. 


Fig.  109.— Mouth-parts  of  Bed-bug,  dissociated. 


The  abdomen  is  commonly  flat,  and  its  lateral  margins 
are  often  produced  to  form  a  sort  of  thin  shelf  or  connexivum. 

The  odour  emitted  by  many  bugs  comes  from  the 
secretion  of  certain  glands  which,  in  the  adult,  open  on  the 
sternum  of  the  last  thoracic  segment. 

There  are  two  distinct  suborders  of  Rhynchota,  namely, 
the  Heteroptera  (erepo9  =  diverse,  and  7rrepoV  =  a  wing),  in 
which  the  front  wings,  when  present,  are  hardened  at  base 
to  form  wing-covers  or  elytra ,  and  the  beak  is  merely 
reflexed;  and  the  Homoptera  (o/xof^  one  and  the  same,  and 
irrepov),  in  which  the  wings,  when  present,  are  of  one 
consistence,  and  the  beak  is  so  much  bent  under  that  it 
appears  to  spring  from  the  posterior  border  of  the  head. 

Rhynchota  Heteroptera. 

This  suborder  includes  the  true  bugs.  The  hardened 
basal  part  of  the  front  wing  is  known  as  the  elytrum 
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(e\vrpov  =  a  sheath),  and  the  distal  half  as  the  membrane. 
The  elytrum  (Fig.  iio)  is  composed  either  of  two  lateral 
pieces — a  smaller  inner  plate,  or  clavus ,  and  a  larger  outer 
plate,  or  corium  ;  or  the  tip  of  the  corium  may  be  separated 
as  a  third  distinct  plate,  or  cuneus ;  or  the  outer  (costal) 
edge  of  the  corium  may  form  a  fourth  distinct  plate,  or 
embolium. 

The  Heteroptera  consist  of  two  groups,  namely,  the 
Gymnocerata  (yu/xro?  =  naked  ;  /cepa?  =  horn),  in  which  the 
antennae  are  conspicuous;  and  the  Cryptocerata  {kpvttt6^  = 
hidden),  in  which  the  antennae  are  hidden  beneath  the  head 
or  in  pits.  Except  for  certain  forms  that  skate  about  on  the 
surface  of  water,  or  that  have  semi-aquatic  habits  (and  these 
forms  are  distinguished  by  having  the  under-surface  of  the 


abdomen  covered  with  a  dense  pubescence),  the  Gymno¬ 
cerata  are  land-bugs.  The  Cryptocerata  are  almost  all  truly 
aquatic. 


(a)  Heteroptera  Gymnocerata. 

Of  the  many  families  of  Gymnocerata  we  need  mention 
only  the  Cimicidce ,  the  PolyctenidcE ,  the  Reduviidce ,  the 
Aradidce ,  and  the  Hydrometridce. 

i.  Family  ClMlClDAC  This  small  family  includes  the 
bed-bugs.  The  Cimicidse  have  a  broad  head,  with  straight 
sides,  a  flat  oval  body,  and  short  elytra  that  leave  the 
abdomen  uncovered  :  the  antenna  is  composed  of  4  segments, 
and  the  beak,  which  in  repose  lies  in  a  groove,  of  3  :  hind 
wings  are  absent,  and  the  tarsi  consist  of  3  segments. 

i.  Genus  ClMEX.  Pronotum  subreniform ;  scutellum,  or 
exposed  area  between  the  bases  of  the  elytra,  triangular. 

The  two  notorious  species  are  Cimex  lectularius,  the 
common  bed-bug  of  northern  latitudes,  and  C.  rotundatus , 
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the  bed-bug  of  the  tropics.  Both  must  be  regarded  as  being 
potentially  dangerous,  not  only  on  general  grounds  but 
because  it  has  been  shown  by  experiment  that  pathogenic 
organisms — notably  the  plague  bacillus  and  the  Lcislnnama 
of  kala-azar — can  live  in  their  gut.  Patton  considered 
that  bed-bugs  transmit  the  latter  organism,  but  experiments 
made  by  Percival  Mackie  and  by  J.  W.  Cornwall  do  not 
confirm  that  opinion. 

(a)  Cimex  lectularius ,  L.  Of  a  reddish-brown  colour, 
and  about  one-fifth  of  an  inch  long.  Head  pentagonal, 
with  the  clypeus  prominent.  The  two  distal  segments  of 
the  antennae  in  the  adult  slenderer  than  the  two  proximal 
segments.  Pronotum  large,  its  lateral  margins  thinned,  and 
its  anterior  angles  produced  as  prominent  lobes  on  either 
side  of  the  head.  Elytra  short,  broad,  and  hairy.  Abdomen 
oval,  formed  of  8  segments :  in  the  male,  on  the  ventral 


Fig.  111.— Pronotum  of  G.  lectularius.  Fig.  112.— Pronotum  of  C.  rotundatus. 

surface  (cf.  Fig.  1 1 5 )  the  hook-like  penis  lies  in  a  groove  on 
the  8th  segment,  its  tip  also  notching  the  posterior  border 
of  the  7th  segment. 

During  the  act  of  sucking  the  proboscis  is  bent  back¬ 
wards  in  a  bow,  as  in  the  mosquito,  the  blood  passing  up 
the  mandibular  tube. 

The  bed-bug  is  supposed  to  have  come  originally  from 
the  East,  and  to  have  been  introduced  into  England  about 
three  hundred  years  ago.  It  is  the  subject  of  a  very  copious 
“  literature,”  which  has  been  collected  by  A.  A.  Girault,  who 
has  also  followed  out  the  life-history  of  the  insect  with 
peculiar  care  {Psyche,  1905,  1906;  and  Journ.  Economic  Biol., 
1910,  1912). 

A  bug  kept  in  solitary  confinement  and  in  darkness  may 
exist  without  food  for  the  greater  part  of  a  year.  But  under 
ordinary  circumstances  a  female  bug,  fed  regularly,  lives 
four  or  five  months,  during  which  time  she  lays  from  100 
to  150  eggs. 


234 


ENTOMOLOGY  FOR  MEDICAL  OFFICERS 


The  eggs  (Fig.  1 14),  which  are  white  and  cohesive,  are 
of  an  elegant,  oval-flask  shape,  with  a  lid  at  the  narrower 
end  which  is  pushed  off  when  the  larva  emerges.  T  hey  are 


Fig.  113. — Tip  of  Abdomen  of  Female  Bed-bug. 

found  in  crevices,  or  behind  picture-frames,  etc.  They  are 
said  to  hatch  in  six  to  twelve  days  at  ordinary  temperatures, 
but  in  a  very  warm  room  they  may  hatch  in  four  days,  and 
in  a  cold  north  room  they  make  take  three  weeks. 

The  new-hatched  larva  is  whitish  or  yellowish  in  colour, 
and  resembles  the  parent  except  in  size,  in  the  absence  of 


Fig.  114. — Eggs  of  Bed-bug,  cleared  to  show  Embryo. 


elytra,  and  in  the  simple  form  of  the  pronotum.  If  fed 
regularly  the  larva  becomes  adult  in  about  six  weeks  (from 
thirty  to  seventy  days  are  the  extremes  noted  by  different 
observers),  moulting  five  times  in  the  course  of  growth.  A 
new-hatched  larva  can  endure  starvation  for  several  weeks, 
and  a  larva  that  has  fed  once  may  last  out  for  nearly  three 
months  in  an  atmosphere  that  is  not  too  dry. 

To  exterminate  bed-bugs  in  a  badly  infested  room, 
fumigation  with  sulphur  (see  Chapter  IV.)  is  the  best  pro- 
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cedure  :  to  get  rid  of  bugs  in  furniture,  any  of  the  washes 
and  applications  specified  in  Chapter  IV.  may  be  used 
according  to  circumstances ;  if  there  be  no  metal  to  spoil, 
a  solution  of  corrosive  sublimate  is  efficacious,  otherwise 
benzine,  turpentine,  or  acetic  acid  may  be  used,  or,  if  their 
persistent  smell  be  not  objected  to,  naphthalene,  creosote, 
paraffin,  etc.  Bugs  are  easily  killed. 

(J?)  Cimex  rotundatus ,  Signoret  (Fig.  1 1 5)»  the  bed-bug 
of  warm  climates,  differs  from  C.  lectularius  in  not  having 
the  lateral  margins  of  the  pronotum  thinned  out  (Fig.  112), 
and  in  the  more  elongate-oval  shape  of  the  abdomen. 


Fig.  115.— Cimex  rotundatus,  ventral  view,  male. 


Other  species  described  by  Jenyns,  are  : — 

C.  columbarius ,  found  in  pigeon-houses  ;  differs  from  C.  lectularius 
in  being  smaller,  with  the  anterior  angles  of  the  pronotum  not  so  much 
produced,  the  abdomen  more  nearly  circular,  and  the  antennae  shorter 
and  not  quite  so  slender. 

C.  hirundinis ,  found  in  nests  of  the  house-martin  ;  is  smaller  than 
C.  lectularius ,  and  has  the  anterior  angles  of  the  pronotum  less  pro¬ 
duced,  the  body  more  hairy,  the  eyes  not  so  prominent,  and  the  antennae 
comparatively  short. 

C.  ftifiistrelli ,  found  on  bats  ;  is  almost  hispid  with  hairs,  and  has 

the  abdomen  narrow  and  tapering. 

ii.  Genus  Loxasftis,  Rothschild.  Differs  from  Cimex  in  having  the 
anterior  angles  of  the  pronotum  not  produced,  the  scutellum  trans¬ 
versely  oblong,  and  the  tibiae  marked  distally  with  a  clear  ring,  or 
“  pseudo-joint,”  such  as  is  seen  in  certain  bat-parasites  of  other 
orders. 

Loxaspis  miranda ,  Rothschild,  found  in  a  house  near  Mombasa 
frequented  by  bats. 

The  ordinary  Flower-bugs  (A canthiidce)  often  inflict  an  extremely 
painful  bite.  Except  that  they  are  more  brightly  coloured  and  have 


236 


ENTOMOLOGY  FOR  MEDICAL  OFFICERS 


well-developed  wings,  they  much  resemble  bed-bugs,  and  some  authors 
include  the  latter  in  the  same  family  as  the  flower-bugs. 

2.  Family  PoLYCTENlDiE.  Small  wingless  bugs  (short  elytra  are 
present)  infesting  certain  bats  in  South  America  ;  not  unlike  bed-bugs, 
but  the  abdomen  is  narrower,  and  there  are  4  tarsal  segments. 

3.  Family  REDUVUDdL  A  very  large  family  of  active, 
rapacious  land-bugs,  found  in  all  parts  of  the  world,  and 
particularly  numerous  in  the  tropics.  The  head  is  usually 
elongate ;  the  antennae  are  long,  and  consist  of  4  segments ; 
the  eyes  are  placed  well  forward,  with  the  ocelli,  when 
present,  well  in  rear  of  them ;  the  beak  usually  consists  of 
3  segments,  is  not  very  long,  and  is  merely  bent  under  the 
head,  not  closely  applied  to  its  under-surface  in  repose ; 
the  elytra,  when  present,  have  no  cuneus ;  the  scutellum  is 


comparatively  short ;  and  the  legs  are  long,  with  a  tarsus 
of  3  segments.  In  one  subfamily,  the  N abiding ,  the  front 
legs  are  raptorial,  much  like  those  of  a  Mantis.  Several 
species  of  Reduviidce  are  found  in  houses  and  attack  man 
at  night ;  the  most  notorious  of  them  belong  to  the  genus 
Conorhinus  (Fig.  116). 

Among  Reduviidce  the  genus  Conorhinus  is  distinguished 
by  the  following  combination  of  characters : — The  head  is 
long,  the  1st  segment  of  the  beak  is  very  much  shorter  than 
the  2nd,  the  antennae  are  inserted  about  midway  between 
the  eyes  and  the  tip  of  the  snout,  the  ocelli  are  placed  far 
apart,  the  prosternum  is  broadly  grooved,  and  the  posterior 
tibiae  are  longer  than  their  femora.  The  species  are  found 
in  North  and  South  America,  the  West  indies,  West  Africa, 
Madagascar,  and  throughout  the  Oriental  Region. 
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Conorhinus  infestans  is  a  well-known  blood-sucker  in 
South  America;  it  is  spoken  of  by  Darwin  as  “the  great 
black  bug  of  the  pampas/’  Conorhinus  sanguisuga  is  another 
nocturnal  blood-sucker  in  some  parts  of  America,  where  it 
is  said  to  take  the  place  of  the  bed-bug :  it  is  coloured  dark 
brown  with  reddish  markings. 

Conorhinus  megistus ,  Burm.,  is  a  large  black  species,  with 
numerous  regularly  arranged  red  markings,  and  is  common 
in  huts  in  certain  parts  of  Brazil,  where  it  is  known  as 
“  Barbeiro.”  It  is  not  merely  a  voracious  nocturnal  blood¬ 
sucker  in  both  adult  and  larval  stages,  but  has  also  been 
found  by  Chagas  to  be  one  of  the  carriers  of  a  trypanosome 
(T.  cruzii )  which  is  parasitic  in  the  blood  of  human  beings 
and  produces  dangerous  effects.  According  to  Neiva  the 
female  lives  for  several  months  and  continues  all  the  time 
to  lay  eggs  in  batches  of  8  to  io;  the  eggs  hatch  in  twenty- 
five  to  forty  days,  and  the  larva  reaches  the  adult  stage,  after 
five  moults,  in  six  and  a  half  to  eight  and  a  half  months. 

Another  species,  distributed  throughout  the  Oriental 
Region,  which  is  often  found  in  houses  and  sucks  the  blood 
of  human  beings,  is  C.  ruhrofasciatus ,  De  Geer.  It  closely 
resembles  0.  vnegistus  in  colour,  being  dark  brown,  witn 
dusky  yellow  or  brick-red  markings  on  pronotum,  elytra, 
and  connexivum.  Donovan  has  suggested  that  it  is  one 
of  the  carriers  of  the  kala-azar  parasite,  but  Patton  opposes 
the  suggestion,  and  Colonel  J.  W.  Cornwall  states  that  the 
flagellated  forms  of  the  parasite  cannot  live  in  the  bug’s 
intestine. 

Other  Reduviidce  have  been  observed  to  attack  man  in 
the  house. 

4.  Family  Aradidze. — The  bugs  of  this  family  are  broad  and  more 
than  ordinary  flat  ;  the  connexivum  is  very  broad  and  thin  ;  the  antenna 
consists  of  4  segments,  and  the  beak  of  3  ;  the  scutellum  is  compara¬ 
tively  short,  and  the  elytra  have  no  cuneus  ;  the  legs  are  of  the  oidinaiy 
form,  and  the  tarsi  are  composed  of  2  segments.  The  Aradidce  are 
found  in  most  parts  of  the  world  living  under  bark  and  lichen,  etc. 
One  large  South  American  species,  Dysodius  lunatus ,  Fabr.  (Fig.  117), 
known  in  the  vernacular  as  the  “Pito”  bug,  is  said  to  frequent  houses 
and  to  bite  severely. 

5.  Family  Hydrometrid^  :  Pond-skaters,  or  Water-striders.  i  he 
bugs  of  this  family  skim  about  on  the  surface  of  water,  often  in  companies 
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and  usually  have  very  long  legs.  They  prey  upon  aquatic  insects,  etc., 
and  may  be  regarded  as  potential  enemies  of  mosquitoes  and  mosquito- 
larvae.  The  species  of  Halobates  live  on  the  surface  of  the  ocean,  often 
many  hundreds  of  miles  from  land. 

(b)  Heteroptera  Cryptocerata. 

The  true  water-bugs  with  concealed  antennae  are  all  predaceous,  and 
may  possibly  include  mosquitoes  and  mosquito-larvae  in  their  prey  ; 
moreover,  some  of  them  when  handled  can  give  a  very  shrewd  “bite,” 
that  of  the  giant  water-bug  (Belostoma)  being  well  known  in  India  as 
envenomed.  The  following  are  the  several  families  : — 

(i)  Galgulides ;  squat  toad-shaped  bugs,  with  prominent  eyes,  found 
in  marshy  places  in  most  parts  of  the  world  :  the  legs  are  of  the  ordinary 
form  for  crawling.  (2)  Naucoridee j  flat,  oval  bugs  which,  though  truly 
aquatic,  have  not  the  legs  modified  for  swimming  ;  they  are  distinguished 
from  the  Galgulidae  by  (among  other  things)  the  absence  of  ocelli. 
(3)  Nepidee ,  or  Water-scorpions,  common  in  stagnant  waters  every¬ 
where  ;  the  long  front  legs  are  raptorial  and  the  abdomen  ends  in  a 
long  slender  breathing-tube  formed  of  two  lateral  separable  pieces  ;  in 
one  genus,  Nepa,  the  body  is  leaf-like,  in  the  other  genus,  Ranatra , 
it  is  more  like  that  of  a  stick-insect.  The  gut  of  Nepa  is  an  almost 
certain  find  for  Leptomonas.  (4)  Belostomatidee ,  Giant  water-bugs, 
common  in  stagnant  water  in  tropical  and  sub-tropical  countries  ;  the 
body  is  oval  and  flat  and  the  legs  are  flattened  for  swimming  ;  there  is 
no  breathing-tube  at  the  end  of  the  abdomen  ;  some  of  the  species  are 
large  enough  to  overpower  frogs  and  fish  ;  the  “  bite  ”  of  Belostoma  is 
very  painful.  (5)  Notonectidcs ,  or  Water  Boatmen  ;  oval  bugs  with  very 
long,  feathered  hind  legs  ;  they  swim  on  their  back.  (6)  Corixidee j 
much  like  water  boatmen,  but  they  swim  right  way  up,  and  have  the 
beak  concealed  and  apparently  unsegmented,  the  beak  of  the  water 
boatmen  being  free  and  consisting  of  3  or  4  segments. 

Rhynchota  Homoptera. 

This  suborder,  though  it  comprises  a  number  of  the  worst  pests  of 
agriculture,  is  of  no  particular  interest  to  the  medical  officer.  It  includes 
the  Cicadas  ( Cicadidee )  ;  the  often  brilliant-coloured  and  long-snouted, 
or  bottle-nosed  Lantern-flies  (. Fulgoridce )  ;  the  Frog-hoppers,  or  Spittle- 
insects  ( Cercopidez ),  the  larvae  of  some  of  which  live  embedded  in  froth 
(frog-spit  or  cuckoo-spit)  ;  the  Leaf-hoppers  (Jassided),  which  resemble 
slender  frog-hoppers  ;  the  grotesque,  goblin-like  Tree-hoppers  ( Mem - 
br added),  with  their  large,  sharply  angulated,  elevated,  often  cap-like 
pronotum ;  the  Jumping  Plant-lice  (Psy llidcd),  which  resemble  tiny 
cicadas;  the  Plant-lice,  or  “Blight55  (Aphides);  and  the  Scale-insects, 
or  Bark-lice  (Coccidcd). 

The  males  of  the  scale-insects  have  only  one  pair  of  wings,  the  hind 
pair  being  represented  by  stalked  hooklets  somewhat  resembling  the 
halteres  of  Diptera  ;  but  they  can  be  distinguished  from  any  midge  by 
their  long  caudal  filaments,  and  entirely  different  (vestigial)  mouth-parts. 
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Many  lantern-flies  and  some  aphids  secrete  wax,  which  is  utilised  in 
some  countries  ;  some  aphids  and  coccids  make  plant-galls  ;  manna  is 
the  secretion  of  a  coccid  ;  lac  and  lac-dye  are  products  of  an  Indian 
coccid ;  the  well-known  cochineal  is  obtained  from  a  coccid  which 
originally  came  from  Tropical  America,  but  has  been  naturalised  else¬ 
where  by  man. 

Order  Thysanoptera  :  Thrips 
(Gr.  dijcravos  =  a  tassel,  or  fringe,  and  Trrepov  —  wing.) 

The  minute  insects  known  as  Thrips  (9pl\p  =  a  wood-worm)  are 
usually  found  on  plants,  very  commonly  in  the  flowers  ;  some  of  them 
form  galls.  They  are  active,  squirming  little  creatures,  usually  with  four 
long,  very  narrow,  almost  feather-like  wings,  though  some  species  are 
wingless.  The  mouth-parts  consist  of  piercing  mandibles  ensheathed  in 
a  sort  of  beak  formed  by  the  labrum,  maxillae,  and  labium  ;  with  these 
they  suck  the  juices  of  plants,  and  some  of  them  do  much  damage  to 
grass,  garden-crops,  and  orchards.  From  the  medical  point  of  view 
these  tiny  insects  are  not,  as  far  as  is  known,  of  any  importance.  They 
are  placed  here  for  convenience,  merely  because  they  have  sometimes 
been  associated  with  the  Hemiptera. 


CHAPTER  XXII 

Order  Anoplnra,  or  Sipliunculata  :  The 
Blood-sucking  Lice 

These  lice,  by  some  good  authorities  regarded  as  a  section 
of  the  Rhynchota ,  are  small  wingless  insects  parasitic  on 
mammals :  superficially  they  resemble  the  biting  lice 
(. Mallophaga ),  from  which  they  may  be  distinguished  by 
the  differently  shaped  head  and  claws,  and  by  a  ladical 
difference  in  the  mouth-parts.  Not  only  is  the  Order  as 
a  whole  structurally  so  modified  for  parasitism  as  to  be 
unfit  for  separate  existence,  but,  as  a  rule,  each  species  is 
adapted  to  and  dependent  for  its  continuance  upon  a 
particular  mammalian  species.  Thus  the  lice  that  subsist 
on  man  are  peculiar  to  him,  and  have  him  for  their  natural 
heritage,  though  of  course  an  individual  louse  of  one  kind 
of  mammal  may  be  induced  on  occasion  to  suck  blood  from 
another  kind. 

There  is  abundant  recorded  evidence1  that  where  human 
beings  are  crowded  together  under  extraordinary  insanitary 
conditions,  the  human  body-louse  is  the  usual  culprit  in 
epidemic  conflagrations  of  typhus,  “  trench-fever,”  and  some 
varieties  of  relapsing  fever,  assuming,  of  course,  that  some 
case  or  reservoir  of  the  respective  infection  is  there  to  start 
with ;  but  it  is  going  against  and  beyond  the  evidence  to 
suppose  that  lice  are  the  sole  essential  fosterers  of  any  of 
these  infections.  In  the  case  of  relapsing  fever  (the  specific 
spirochsetes  of  which  are  known  to  be  communicated  by 
other  blood-sucking  arthropoda  besides  lice),  it  has  been 

1  For  a  full  historical  account  of  the  pathogenic  significance  of 
Pediculus ,  with  references  to  the  numerous  discoverers  to  whom  credit 
is  due,  see  Nuttall,  Parasitology ,  vol.  x.,  No.  i,  November  1917. 
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shown  that  infected  lice  transmit  the  infection  if  their  bodies 
are  crushed  and  rubbed  into  an  abraded  skin,  as  might 
happen  in  the  rubbings  and  scratchings  of  a  lousy  person  : 
it  has  also  been  shown  that  infected  lice  may  transmit  their 
infection  to  their  progeny.  In  the  case  of  typhus  infection 
it  has  been  demonstrated  that  infected  lice  are  infective  both 
by  their  excreta  and  by  their  bite.  The  infection  of  “trench 
fever  ”  has  been  proved  to  be  conveyed  by  the  excreta,  but 
not  by  the  bite,  of  the  insect. 

The  head,  in  lice,  is  small,  and  the  clypeus  usually  very 
prominent,  the  antennae  are  short  and  coarse,  and  the  eyes 
are  degenerate  or  quite  deficient.  All  that  can  be  seen  of 
the  mouth-parts  outwardly  is  a  short  and  incomplete  tube 
with  some  dorsally  placed  recurved  teeth :  the  function  of 


dilator  muscle  of  pharynoc 


’mandibles., 

saliv-duct 


?maocitlbie" 


pharynoc 


-protractor  muscle 
of  proboscis 

-  muscle 


^proboscis  sheath 


Fig.  118. — Transverse  section  of  Snout  of  Louse. 


this  tube  with  its  denticles  is  to  hold  the  skin  when  the 
insect  starts  to  suck.  The  rest  of  the  mouth-parts  (Fig.  118) 
are  retracted  within  the  head,  in  somewhat  the  same  way 
as,  only  more  completely  than,  those  of  the  Hippoboscid 
flies :  they  have  the  form  of  a  slender  tube  composed  of 
three  very  fine  stylets,  two  of  which  lying  dorsally  are 
perhaps  the  mandibles,  while  the  third  which  is  ventral  in 
position  perhaps  represents  the  two  maxillae  fused  together 
except  at  their  tip ;  in  repose  this  tube  lies  invaginated  in  a 
sheath  beneath  the  pharynx  ;  in  action  it  is  far  extruded, 
through  the  short  outwardly- visible  tube,  for  the  purpose 
of  piercing  the  skin  and  drawing  blood.  The  most  reasonable 
view  to  take  of  these  ensheathed  mouth-parts  is  that  they 
are  closely  homologous  with  those  of  bugs,  but  are  pro¬ 
tectively  intussuscepted  when  at  rest. 
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The  legs  are  stout,  and  in  all  but  the  elephant-louse  they 
end  in  a  single  coarse  tarsal  segment  carrying  a  powerful 
claw  or  talon,  which  is  opposable  to  a  thumb-like  projection 
of  the  tibia  for  grasping  hair. 

The  apparent  number  of  abdominal  segments  varies :  in 
the  female  the  terminal  segment  is  bilobed  ;  in  the  male  it 
is  simple,  and  commonly  the  spike-like  “penis”  is  seen 


Fia.  120. — Pediculus  capitis,  male. 

Fig.  119.— Female  Body-louse. 

projecting  beyond  it  (Fig.  120).  Dorso-laterally  the  six  pairs 
of  abdominal  spiracles  are  very  conspicuous,  for  respiration 
is  vigorous. 

The  pharynx  is  suctorial,  the  large  stomach  has  its 
capacity  increased  by  two  antero-lateral  pouches,  and  the 
rectum  is  ampullar. 


The  eggs  are  large  and  are  attached  to  the  hairs  of  the 
host  by  a  cement.  The  individual  egg  (Fig.  121)  is  shaped 
much  like  that  of  the  bed-bug,  but  has  the  cap  perforated, 
probably  for  supplying  air  to  the  developing  embryo.  The 
new-hatched  young  is  like  the  parent  except  in  size  and 
colour. 

It  is  natural  and  convenient  to  regard  the  lice  as  forming 
a  single  family,  PediculidcE ,  the  distinctive  characters  of  the 
several  genera  of  which  are  indicated  on  p.  246,  Pediculus 
and  Phthirius  being  the  two  that  infest  man. 

Genus  PEDICULUS  (Fig.  119).  Head  with  a  distinct 
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neck,  eyes  conspicuous,  antennae  of  5  segments ;  body 
elongate,  flattish,  very  sparsely  pilous ;  abdomen  of  8  visible 
segments,  of  which  the  first  is  inconspicuous;  all  the  legs 
about  equally  stout. 

The  two  kinds  of  Pediculus  that  infest  man — the  head- 
louse  and  the  body-louse — were  not  specifically  distinguished 
by  Linneus,  and  they  are  now  again  generally  regarded 
as  varieties  or  races  of  a  single  species,  Pediculus  humanus , 
being,  as  Bacot  has  shown,  perfectly  fertile  together  and 
producing  fertile  hybrids. 

The  head-louse  {P.  humanus  capitis')  is  smaller,  and  its 
abdomen  is  not  so  broadly  elliptical  and  has  the  sides  more 
deeply  scalloped ;  it  and  its  eggs  are  usually,  but  not 
exclusively,  found  on  the  head  ;  the  body-louse  (P.  humanus 
corporis ),  which  is  said  to  cause  more  irritation  by  its  bite, 
usually  lurks  in  the  garments,  particularly  in  the  seams, 
and  its  eggs  are  usually  attached  to  the  clothing.  Both 
are  voracious,  feeding  frequently ;  and  both  are  delicate  in 
the  sense  that  they  cannot  long  survive  separation  from 
their  host.  Head-lice  taken  with  the  hair  straight  from  the 
head,  and  kept  unfed  in  a  tube  at  ordinary  temperatures, 
usually  die  in  twenty-four  hours,  but  occasionally  live  in 
a  lethargic  state  for  a  week ;  A.  D.  Peacock  kept  some  body- 
lice  alive,  without  food  or  artificial  warmth,  for  about  nine 
days,  though  after  two  days  they  seemed  benumbed ;  eggs, 
however,  if  the  air  be  not  abnormally  dry,  may  retain  their 
vitality  a  good  deal  longer. 

Leeuwenhoek  long  ago  made  some  interesting  observa¬ 
tions  on  the  reproduction  of  the  body-louse.  He  kept  two 
females  imprisoned  in  his  own  stocking,  and  at  the  end 
of  six  days  he  found  one  of  them  with  50  eggs  alongside, 
as  well  as  a  second  lot  of  40  eggs  probably  laid  by  the 
other,  which  had  escaped ;  in  the  body  of  the  first  he  found 
50  more  eggs.  Ten  days  afterwards  he  found  25  young  lice, 
and  he  did  not  pursue  the  observation. 

In  Warburton’s  more  exact  experiments  with  the  same 
species  an  impregnated  female  kept  at  the  temperature  of 
the  human  body  and  fed  twice  a  day  produced  125  eggs 
in  the  course  of  twenty-five  days ;  of  the  eggs  some  hatched 
after  eight  days  and  others  not  till  after  a  month ;  the  new- 
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hatched  young  began  to  feed  at  once,  and  became  aault 
in  about  eleven  days,  after  three  moults ;  young  not  allowed 

to  feed  died  in  thirty-six  hours. 

According  to  Bacotthe  body-louse,  feeding  regularly,  may 
possibly  lay  io  or  12  eggs  a  day,  to  a  possible  sum  total  of 
300 ;  the  normal  term  of  embryonic  development  is  seven  to 
ten  days,  and  the  young  becomes  adult  in  ten  to  fourteen  days. 

The  life  of  the  adult  body-louse  is  short.  Warburton 
observed  an  adult  female  to  live  thirty  days.  Bacot’s 
observations  give  forty-six  days  as  a  maximum. 


Fig.  122.— Phthirius  pubis,  male. 


Genus  PHTHIRIUS.  Head  sessile  or  impacted  on  the 
thorax;  body  almost  as  broad  as  long;  abdomen  of  6 
visible  segments  strongly  festooned,  the  second  segment 
having  three  dorso-lateral  spiracles  on  each  side ;  first  pair  of 
legs  much  slenderer  than  the  others.  One  species,  Phthivius 
pubis  (Fig.  122),  which  though  usually  infesting  the  pubic  and 
perineal  hair,  is  not  always  confined  exclusively  to  that  part 
of  the  body. 

In  olden  times  the  louse  was  far  from  exciting  disgust. 
Indeed  it  was  taken  as  a  sign  of  consecrated  grace  in  the 
“  holy  blisful  martir  ”  of  Canterbury  that  the  hair  shirt  and 
drawers  that  he  wore  next  his  skin  were  found  to  be  seething 
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with  lice  “  like  a  boiling  caldron  ” ;  and  it  was  in  appreciative 
mood  that  Sir  Hugh  Evans,  in  The  Merry  Wives  of 
Windsor ,  says  not  only  that  “the  twelve  white  louses  do 
become  an  old  coat  well  ”  but  also  that  “  it  is  a  familiar  beast 
to  man  and  signifies  love.”  But  now  the  age  has  grown 
so  picked  that  personal  familiarity  with  lice  has  become 
scandalous,  except  in  the  vicissitudes  of  military  service, 
where  to  be  herded  in  entrenchments,  ungroomed  and 
unwashed,  for  days  together  is  one  of  the  common  incidents 
of  the  soldier’s  life. 

Lice  are  usually  spread  from  host  to  host  by  personal 
contact,  but  may  also  be  acquired  from  clothing  or  bedding 
recently  used  by  lousy  persons.  Lloyd  and  Byam  have 
demonstrated  that,  as  an  effect  of  the  raised  body-tempera¬ 
ture,  lice  on  a  fever  patient  become  restless  and  desire 
to  leave  their  host,  and  have  pointed  out  how  the  specific 
infective  propensities  of  these  insects  are  thus  confirmed  and 
extended. 

Lousy  clothing  and  bedding  may  be  baked,  boiled, 
or  steamed  according  to  circumstances.  Bacot  states  that 
a  temperature,  either  dry  or  moist,  of  1 3 1 °  F.,  maintained 
for  twenty  minutes,  kills  both  lice  and  eggs  (“nits”).  If 
the  lice  are  suspected  of  harbouring  any  specific  infection, 
fumigation  is  necessary.  For  single  garments  a  thorough¬ 
going  application  of  a  hot  iron,  particularly  along  the  seams, 
has  been  recommended ;  but  even  shaking,  beating,  and 
exposure  to  the  sun  are  of  some  use.  Numerous 
pedicides  and  pedifuges  have  been  advocated ;  the  best 
are  naphthalene  and  creosote,  but  crude  carbolic  acid  and 
paraffin  oils  are  also  effective ;  all  these,  it  must  be 
remembered,  are  irritants,  except  naphthalene,  and  even 
concentrated  naphthalene  vapour  may  possibly  irritate 
a  delicate  skin.  Naphthalene  may  be  used  as  a  powder, 
or  it  may  be  melted  (carefully,  to  avoid  ignition)  and 
lightly  painted  along  seams,  or  may  be  smeared  on  the 
inside  of  garments  in  an  ointment,  or  as  a  paste  with  soft 
soap  as  recommended  by  Bacot. 

A.  D.  Peacock  speaks  highly  of  a  powder  of  naphthalene 
to  which  2  per  cent,  each  of  iodoform  and  creosote  are 
added.  The  particular  advantage  of  ointment  as  an 
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excipient  for  a  pedicide  is  that  grease  itself  disables  the 
insect  by  blocking  its  spiracles. 

Lice  in  the  head  are  commonly  treated  with  a  good 
application  of  equal  parts  of  paraffin  and  salad  oils,  followed 
by  thorough  washing  with  soap  and  hot  water,  and  combing. 
For  crab-lice  the  usual  treatment  is  blue  ointment  and 
shaving. 

Classification  of  Pediculidae  (based  on  Dalla  Torre). 

I.  Integument  closely  covered  with  short  stout  spinules,  often  also 
with  fine  scales.  Subfamily  Antarctophthiriin^e.  Three  genera— 
Echinophthirius ,  without  scales  and  with  4-segmented  antennae  ; 
Lepidophthirius ,  with  scales  and  with  4-segmented  antennae  ;  and 
Antarctophthirius ,  with  scales  and  with  5-segmented  antennae 
restricted  to  seals  and  walruses. 

II.  Tibiae  without  a  “thumb”;  anterior  part  of  head  elongate- 
tubular.  Subfamily  H/EMATOMYZIN./E.  One  genus,  Hczmatomyzus, 
restricted  to  elephant. 

III.  Tibiae  with  “thumb”;  head  normal;  integument  not  closely 
spinulose  or  squamose.  Subfamily  PEDlCULitEE— parasitic  on  various 
land  mammals. 


3- 


5. 


6. 


Synopsis  of  Genera  of  Pediculinae. 

f  Eyes  conspicuous  and  well  pigmented  2. 

I  Eyes  vestigial  or  absent  4- 

f  Antennae  of  3  segments,  the  last  of  which  may  be  indistinctly 
-j  subdivided.”  On  Old  World  monkeys  Pedicinus. 

[  Antennae  of  5  distinct  segments  3- 

r  Body  elongate  ;  all  the  legs  equally  robust.  On  man,  gibbon, 

and  spider  monkeys  Pediculus. 

Body  broad  and  squat  ;  front  legs  slenderer  than  the  others. 
On  man  Phthirius. 

c  Antennae  of  5  segments  5- 

4‘  \  Antennae  of  3  segments  10. 

f  Vestiges  of  eyes  in  the  form  of  projecting  tubercles  ;  all  the  legs 
equally  robust  ;  a  small  triangular  platelet  between  tibia  and 
tarsus.  Numerous  species  on  various  Ungulates 

Hcematopin  us. 

No  vestige  of  eyes  ;  front  legs  somewhat  slenderer  than  the 
others  ;  no  praetarsal  platelet  6. 

C  Abdomen  well  chitinised,  its  segments  transversely  subdivided, 

I  its  sides  scalloped  or  serrated  7- 

|  Abdomen  soft,  its  segments  not  subdivided,  its  lateral  curves 
unbroken  8. 
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8. 


9- 


10. 


( 


Abdomen  with  transverse  rows  of  long  bristles,  not  more  than 
two  rows  on  any  segment.  Numerous  species  chiefly  on 
rodents  Polyplax. 

Abdomen  with  transverse  rows  of  long  flat  hairs,  some  segments 
with  three  rows.  Two  species  on  rodents  and  shrew 

Hoplopleura. 

Abdominal  segments  with  two  or  three  rows  of  long  hairs.  On 
various  mammals,  including  dog  Lt7iognathus. 

Abdominal  segments  with  one  row  of  hairs  9* 

Spiracles  small,  no  lateral  abdominal  spinules.  On  hare  and 
rabbit  Hcematodipsus. 

Spiracles  large,  those  of  abdomen  prominent  (subtubular)  with  a 
postero-lateral  spinule.  One  species  on  oxen  Sole?ioptes. 

Femur  and  tibia  of  hind  legs  with  a  stalked  discoidal  appendage. 
One  species  on  North  American  mole  EuhcEmatopinus. 

Femur  and  tibia  of  hind  legs  normal.  One  species  on  North 
American  gopher  Hcematopmoides* 
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Appendix  to  Chapter  XXII 

Order  Mallophaga  (Bird  Lice,  Gnawing  Lice) 

(Gr.  /xaAAo9  =  wool,  and  (payed/  =  to  eat.) 

A  small  Order  of  small  wingless  insects,  of  which  a  few  species  live 
in  the  fur  of  mammals  but  most  in  the  feathers  of  birds.  The  Order  is 
closely  related  to  the  Orthoptera  and  has  no  close  connection  with  the 
Anoplura  or  true  blood-sucking  lice,  which  latter  are  nearly  related  to 
the  Rhynchota. 

The  Mallophaga  are  flattened,  wingless,  louse-like  insects  that  do  not 
undergo  metamorphosis.  The  head  is  large,  the  antennae  are  short  and 
occasionally  concealed,  the  eyes  are  much  reduced  or  are  altogether 


absent,  and  the  mouth-parts  are  formed  for  biting.  It  is  not  always 
easy  to  distinguish  all  the  mouth-parts,  but  in  specimens  mounted  for  the 
microscope  the  dark-coloured  hook-like  mandibles  are  always  easily 
visible,  as  also  in  some  of  the  commonest  species  are  the  labial  palps. 

The  prothorax  is  distinct,  but  the  mesothorax  and  metathorax  are 
often  united,  and-  are  sometimes  not  clearly  differentiated  from  the 
abdominal  segments,  which  are  from  8  to  io  in  number.  The  tarsi  are 
composed  of  i  or  2,  rarely  of  3  segments,  and  terminate  in  either  one  or 
two  claws.  The  eggs  are  attached  to  the  hairs  or  feathers  of  the  host. 

The  Mallophaga ,  though  they  may  occasionally  strike  blood,  feed  on 
epidermis.  Like  the  blood-sucking  lice  they  are  specific  parasites,  each 
species  usually  sticking  either  to  one  species  of  host  or  to  a  group  of 
kindred  species.  The  great  majority  of  them  are  bird  parasites,  but 
about  a  dozen  species  of  one  genus,  Trichodectes ,  are  parasitic  on 
mammals.  This  genus  is  distinguished  from  all  its  co-ordinates  by  the 
antennae,  which  -consist  of  3  segments,  and  the  tarsi,  which  end  in  a 
single  claw. 
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Order  Hymenoptera :  Ants,  Bees,  Wasps,  etc. 

(Gr.  viu.r]v  =  a.  membrane  ;  7rrepoy  =  a  wing.) 

A  VERY  large  Order  of  insects  which,  typically,  have  two 
pairs  of  wings  of  moderate  size — the  hind  pair  being  the 
smaller — without  or  with  few  cross-veins.  The  mouth-parts 
are  formed  for  biting  as  well  as  for  taking  up  liquid  food, 
so  that  well-formed  mandibles  are  always  present.  In  the 
female  the  abdomen  ends  in  an  ovipositor  of  some  sort,  or 
in  a  sting  which  is  a  modified  ovipositor,  and  the  ovipositor 
when  not  in  use  may  be  either  retracted  or  exposed.  The 
metamorphosis  is  “complete.” 

The  head  is,  in  a  general  way  (the  mouth-parts  excepted), 
a  good  deal  like  that  of  Diptera ,  and  is  very  mobile.  The 
mandibles  are  powerful,  hinged  biting-organs,  which  fold 
across  the  labrum ;  the  maxillae  and  labium  may  form  a 
proboscis,  or  may  be  very  little  modified. 

The  thorax  is  peculiar  in  several  ways  :  the  pleura  of  the 
prothorax  are  detached  from  the  pronotum  and  are  thrown 
forward,  carrying  the  front  legs  with  them;  the  true  1st 
abdominal  segment  is  incorporated  with  the  thorax,  so 
that  the  apparent  1st  abdominal  segment  is  really  the  2nd 
segment  of  the  abdomen.  In  most  of  the  stinging  Hymenop¬ 
tera  the  trochanter  of  the  legs  consists,  as  usual,  of  a  single 
piece  ;  but  in  most  of  the  stingless  Hymenoptera  the  trochanter 
is  divided. 

The  wings  of  each  side  are  usually  yoked  together  by 
a  row  of  hooked  bristles  or  hairs  on  the  front  edge  of  the 
hind  wing,  which  catch  a  vein  or  a  fold  in  the  hind  edge 
of  the  front  wing.  In  some  females,  and  in  the  workers 
(which  are  sterile  females)  of  some  of  the  social  forms,  wings 
are  absent,  but  males  are  rarely  wingless. 
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The  abdomen  is  either  broadly  connected  with  the  thorax, 
in  the  common  fashion,  when  it  is  said  to  be  “sessile,”  or 
it  is  contracted  anteriorly  to  a  slender  “waist,”  when  it  is 
spoken  of  as  stalked  or  “  petiolated.” 

The  eggs  are  deposited  either  (i)  in  the  tissues  of  plants, 
or  (2)  in  or  on  the  eggs  or  larvae  of  other  insects,  or  (3)  in 
special  “cells”  or  chambers  constructed  by  the  parent  (or 
foster-mother  in  the  case  of  most  social  Hymenoptera) ;  in 
the  last  case  provision  for  the  ensuing  larva  may  be  enclosed 
in  the  same  chamber  with  the  egg,  or  the  egg  and  its  issue 
may  be  the  object  of  the  sustained  solicitude  of  the  parent  (or 
foster-mothers). 

The  larva  may  be  caterpillar-like,  with  thoracic  legs  and 
abdominal  pseudopods  ;  but  more  commonly  it  is  legless  and 
maggot-like,  though  with  the  head  larger  and  more  distinct 
than  it  is  in  the  Dipterous  maggot.  The  larva  (1)  may  feed 
on  plants,  or  (2)  may  be  a  parasite  in  the  tissues  of  plants,  in 
which  case  it  sometimes  forms  galls,  or  (3)  may  be  parasitic 
in  the  egg  or  larva  or  pupa  of  another  insect,  or  (4)  may  be 
provided  for  by  the  parent  in  various  ways  that  seem  like 
conscious  forethought. 

The  pupa  may  be  enclosed  in  a  cocoon,  or  not ;  its  wings 
and  appendages  are  not  bound  down  by  chitinous  exudation 
as  in  the  obtected  pupa  of  certain  other  insects.  When  the 
larva  inhabits  a  special  chamber  or  “cell,”  constructed  by 
the  parent  or  foster-mother  (worker),  the  pupa  continues  to 
occupy  the  chamber,  in  which  it  may  either  spin  a  cocoon 
or  not. 

Parthenogenesis  is  very  common  in  this  Order ;  and 
among  some  gall  -  flies  {Cy  nip  idee)  a  parthenogenetic 
generation  regularly  alternates  with  a  sexually-produced 
generation.  The  extraordinary  process  known  as  poly- 
embryony — where  a  single  egg  gives  rise,  by  fission  of  the 
nucleus,  to  a  multitude  of  larvae — occurs  in  some  of  the 
parasitic  Hymenoptera. 

A  good  many  of  the  stinging  Hymenoptera  live  in 
obedient  communities : 

“So  work  the  honey-bees, 

Creatures  that  by  a  rule  in  nature  teach 
The  act  of  order  to  a  peopled  kingdom. 


ORDER  HYMENOPTERA  :  ANTS,  BEES,  WASPS,  ETC.  251 


They  have  a  king  and  officers  of  sorts  ; 

Where  some,  like  magistrates,  correct  at  home, 

Others,  like  merchants,  venture  trade  abroad.” 

So  work  in  obedience,  but  with  even  more  marvellous 
inherence  to  a  rule  in  nature,  the  ants. 

The  organisation  of  the  social  Hymenoptera  varies  in 
complexity  with  different  species,  but  a  typical  community 
consists  of  (i)  a  queen,  or  female  parent;  (2)  of  males, 
whose  existence  is  transient  and  perhaps  precarious ;  (3)  of 
workers,  “  poor  mechanic  porters,”  which  are  sexually 
arrested  females  and  may  be  all  alike  or  may  be  of  more 
than  one  caste ;  and  (4)  of  eggs,  larvae,  and  pupae.  The 
chief  business  of  the  workers  is  to  house  and  feed  the 
developing  larvae.  The  queen  produces  the  eggs,  and  the 
ultimate  issue  of  the  eggs  is  only  to  a  certain  extent 
predetermined :  males  are  believed  to  be  the  predestined 
issue  of  unfertilised  eggs,  while  the  destiny  of  the  larvae 
issuing  from  fertilised  eggs — whether  they  shall  be  sexually 
perfect  females  (queens)  or  sterile  females  (workers) — appears 
to  depend  upon  the  amount  and  quality  of  the  food  adminis¬ 
tered  to  the  larva  at  a  particular  stage  of  its  development. 
All  the  individuals  of  a  community — workers,  females,  and 
males — may  be  alike,  as  with  the  social  wasps ;  or  they 
may  be  unlike,  as  with  the  social  bees ;  or  the  workers 
may  not  only  be  unlike  either  sex,  but  may  be  split  into 
several  dissimilar  castes,  as  among  many  ants. 

From  the  economic  standpoint  the  great  Order  Hymenop¬ 
tera  is  of  prime  importance ;  but  the  medical  officer  has  to 
regard  chiefly  the  Aculeate  Hymenoptera  that  may  inflict 
venomous  wounds,  and  those  species  of  parasitic  and 
predaceous  Hymenoptera  that  may  prey  upon  Diptera. 

The  Hymenoptera  are  arranged  in  two  suborders,  which 
are  named,  according  to  the  form  of  the  abdomen,  Sessili- 
ventres  and  Petiolata. 

1.  Sessiliventres.  The  abdomen  is  broadly  connected  with  the 
thorax,  so  that  there  is  no  “  waist  ”  ;  the  trochanter  of  the  legs  is  com¬ 
posed  of  two  pieces  ;  the  larva  is  caterpillar-like,  but  can  be  distinguished 
from  the  Lepidopterous  caterpillar  by  the  abdominal  pseudopods  being- 
more  numerous,  being  always  present  on  the  2nd  abdominal  segment, 
and  having  no  hooklets  ;  sometimes  the  larva  is  sluglike.  The  suborder 
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includes,  among  other  forms,  the  Saw-flies  ( Tenthredinidce ),  whose  larvae 
feed  on  plants  and  damage  crops,  and  the  Horn-tails  ( Siricidce ),  whose 
larvae  bore  into  the  trunks  of  trees  and  spoil  timber.  In  the  Saw-flies 
the  ovipositor  consists  of  a  pair  of  broad  plates,  serrated  on  the  ventral 
edge,  which  are  retractile  into  a  pair  of  sheaths  ;  in  the  Horn-tails  the 
ovipositor  is  a  long  slender  tube  embraced  by  a  pair  of  ensheathing 
styles. 

2.  Petiolata.  There  is  a  “  waist  ”  formed  by  the  true 
2nd  (apparent  1st)  abdominal  segment,  or  sometimes  by  the 
true  2nd  and  3rd  abdominal  segments ;  it  may  be  of  great 
length,  or  it  may  merely  be  a  constriction,  but  it  gives  the 
abdomen  very  free  play.  The  larva  has  no  legs.  This 
enormous  suborder  is  arranged  in  three  divisions,  namely  : 
(i)  the  parasitic  Hymenoptera,  or  P arasitica ;  (ii)  a  small 
intermediate  group  in  which  the  ovipositor  is  peculiar  and 
retractile  and  has  something  the  look  of  a  sting  —  the 
Tubulifera ;  and  (iii)  the  true  stinging  Hymenoptera,  or 
A  culeata. 

i.  Parasitica .  The  female  has  an  ovipositor,  not  a  sting ;  the 
trochanter  of  the  legs  is  usually  composed  of  two  pieces.  This  group 
includes  a  prodigious  number  of  Hymenoptera,  most  of  which  are 
minute,  though  many  are  of  good  size.  The  larvae  of  some  of  them 
are  vegetable-parasites,  and  form  galls  on  plants  ;  but  the  larvae  of  the 
great  majority  are  parasitic  generally  in  (sometimes  on)  the  larvae  or 
pupae,  sometimes  in  the  eggs,  of  other  insects.  The  victimised  larva  is 
not  immediately  killed,  but  lives  for  some  time,  and  may  even,  in  due 
season,  pupate  ;  but  if  this  happens,  the  parasitic  Hymenopteron 
continues  to  live  at  the  expense  of  the  victim-pupa  and  ultimately 
pupates  in  the  latter,  so  that  for  the  latter  all  is  vanity.  The  parasitic 
Hymenoptera  thus  destroy  a  vast  number  of  insects — chiefly  caterpillars  ; 
but  also  aphides,  the  larvae  of  beetles,  Dipterous  maggots,  etc.  ;  it  is  a 
common  experience  in  the  tropics  to  find  that  an  insect  larva  which  is 
being  bred  with  a  view  to  specific  identification  yields  from  its  pupa 
nothing  but  a  clutch  of  parasitic  Hymenoptera.  The  following  families 
may  be  noticed  : — 

(a)  Cynipidce ;  Gall-flies.  These  are  small,  or  minute,  Hymenoptera, 
usually  of  a  shiny  black  colour  :  they  may  be  recognised  by  the  relatively 
enormous  size  of  the  terga  of  one  or  two  of  the  anterior  segments  of  the 
abdomen  and  the  telescoped  appearance  of  the  posterior  segments,  and 
by  the  absence  of  a  stigma ,  or  opaque  spot  near  the  middle  of  the 
anterior  margin  of  the  front  wing  :  the  larvae  live  in  galls  (of  which  the 
oak-apple  and  the  mossy  rose-gall  are  good  examples),  which  are  closed, 
so  that  the  insect  when  transformed  has  to  eat  its  way  out. 
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(b)  Ichnemnonidce ;  Ichneumon-flies  (Fig.  124).  Though 
some  of  these  are  minute,  many  are  of  large  size.  The  body 


is  long  and  slender  and,  in  the  female,  ends  in  an  ovipositor 
which  is  sometimes  of  enormous  length  ;  the  antennae  are 
long  and  slender.  The  eggs  are  commonly  laid  in  cater¬ 
pillars,  which  are  ultimately  killed  by  the  larvae. 


Fig.  125. — Anastatus  viridiceps  (?),  parasitic  on  Glossina. 

The  Braconidce  are  Ichneumon-flies  in  which  there  is  only  one  cell 
between  the  2nd  and  3rd  longitudinal  veins  in  the  distal  half  of  the  front 
wing.  A  Ilraconid  parasitic  on  the  pupa  of  Glossina  has  lately  been 
brought  to  notice.  The  Evaniida  are  Ichneumon-flies  in  which  the 
abdomen  has  the  shape  of  a  short  racquet  springing  from  the  dorsum  of 
the  thorax. 

(c)  ChalcididcE  (Fig.  125).  These  are  usually  small,  often 
very  minute,  and  generally  have  a  bronzy  sheen  (x«Ako9  = 
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copper  or  brass).  The  wings  have  no  cells  and  usually  only 
a  single  vein,  which  branches,  and  they  are  generally  covered 
with  fine  hairs.  Most  of  the  species  of  this  large  family  are 
parasitic  on  the  larvae,  pupae,  or  eggs  of  other  insects,  and  it 


Fig.  127.— Sting  of  Hornet,  ventral  aspect. 


has  been  observed  of  late  that  the  pupae  of  Glossina  and 
maggots  of  several  species  of  Muscidce  and  Sarcophaga  are 
subject  to  the  mortal  attack  of  Chalcis-flies. 

(d)  Proctotrypida ,  or  Oxyura  (Fig.  126).  These  also  are 
minute  insects  resembling  the  Chalcis-flies  in  form  and 
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habits,  but  differing  from  them  in  the  absence  of  metallic 
lustre  and,  as  regards  the  female,  in  having  the  abdomen 
pointed,  with  the  ovipositor  issuing  from  its  tip. 

ii.  Tubulifera .  This  division  includes  the  single  family  Chrysididce , 
or  Cuckoo-wasps.  These  are  easily  recognised  by  their  brilliant  (often 
green)  metallic  lustre  ;  by  their  thick,  extremely  hard,  coarsely  pitted 
exoskeleton  ;  by  the  concavity  of  the  ventral  surface  of  the  abdomen 
which  permits  the  insect  to  roll  up  ;  and  by  the  long,  transversely 
segmented  retractile  ovipositor.  The  ChrysididcB  lay  their  eggs  in  the 
cells  of  the  fossorial  wasps,  and  their  larva  devours  either  the  larva  of 
the  latter  or  the  paralysed  insects  that  have  been  laid  up  for  its  food. 

iii.  Aculeata,  or  Stinging  Hymenoptera.  This  division 
includes  the  Bees,  Wasps,  and  Ants.  The  trochanter  usually 
consists  of  a  single  piece  ;  the  abdomen  is  generally  composed 
of  6  visible  segments  in  the  female,  and  7  in  the  male ;  the 
females  (and  the  “  workers,”  or  sterile  females,  of  the  social 
forms)  possess  a  sting.  The  sting  is  a  modified  ovipositor, 
although  it  does  not  of  course  give  passage  to  eggs.  It 
consists  (eg,  in  the  hornet  or  wasp,  Figs.  127  and  128)  of 
a  spine,  or  “  guide,”  bulbous  at  the  base  and  deeply  grooved 
along  the  ventral  surface.  The  groove  is  a  channel  for  the 
venom,  and  also  lodges  a  pair  of  very  mobile  stylets,  which 
not  only  augment  the  offensive  action  of  the  “  guide,”  but 
also,  by  their  piston-like  movement,  may  help  to  force  the 
venom  from  the  groove  into  the  wound.  The  entire  sting 
is  loosely  sheathed  by  a  pair  of  setose  caudal  styles,  the 
whole  being  completely  retractile  within  the  penultimate 
abdominal  segment.  The  venom  is  secreted  by  a  pair  of 
long,  much-coiled  tubular  glands  into  a  very  muscular  poison- 
bag,  the  duct  of  which  runs  to  a  chink  in  the  dorsal  aspect 
of  the  bulb  of  the  “guide,”  and  so  discharges  into  the  groove 
beneath.  The  potency  of  the  venom  differs  in  different 
species ;  and  with  any  given  species  the  hurt  of  the  wound 
inflicted  depends  upon  the  depth  to  which  the  sting  pene¬ 
trates,  since  the  deeper  it  goes  the  greater  is  the  amount  of 
venom  forced  along  its  channel.  The  venom  of  bees  and 
wasps  not  only  causes  painful  local  inflammation,  but  also 
has  general  constitutional  effects.  Bee-venom  is  said  to 
contain  toxins  that  cause  paralysis  (neurotoxins),  as  well 
as  toxins  that  damage  the  red  blood-cells  (haemolysins).  In 
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the  case  of  a  single  sting  from  a  casual  bee  or  wasp  the 
local  effects  are  dangerous  only  when  the  sting  is  in  some 
place  (mouth,  throat,  etc.)  where  sudden  swelling  may 
obstruct  the  breathing-passages,  and  the  general  effects  are 
alarming  only  in  persons  who  are  peculiarly  susceptible,  and 
in  enfeebled  persons.  In  the  case  of  a  number  of  simul¬ 
taneous  stings,  however,  the  result  may  be  fatal  to  a  strong 
person  free  from  any  idiosyncrasy,  and  numerous  instances 
are  known  of  men  and  large  animals  rapidly  succumbing  to 
the  injuries  inflicted  by  a  swarm  of  infuriated  bees  or  wasps  ; 
and  it  is  said  that  the  simultaneous  attack  of  even  a  few 
hornets  may  be  fatal  to  a  human  being. 

The  best  treatment  for  a  sting  in  the  early,  painful  stage 
is  a  hypodermic  injection  of  cocaine,  or  the  application  of  a 
solution  of  methol  in  friar’s-balsam  (30  gr.  to  the  ounce) ; 
in  the  later  inflammatory  stages,  an  astringent  lotion — 
lead,  zinc,  copper,  alum.  Susceptible  persons  may  require 
serious  treatment  for  syncope  and  shock. 

The  Aculeata  are  grouped  in  four  sections,  namely, 
Anthopila ,  or  Bees;  Diploptera ,  or  Wasps ;  Fossores ,  or  Digger- 
wasps  ;  and  Heterogyna ,  or  Ants. 

(a)  Anthophila  (av6os  =  a  blossom,  cpi\eu=  I  love),  or  Apidce .  The 
bees  are  distinguished  by  the  usually  hairy  body,  many  of  the  hairs 
bein <g  feathered;  by  the  broadening' and  other  modification  of  the  first 
joint  of  the  tarsus  (and  sometimes  also  of  the  tibia)  of  the  hind  leg  ;  by 
the  development  of  the  labium  and  maxillae  to  form  a  long  or  short 
proboscis  ;  and  by  the  fact  that  the  “  waist  ”  is  merely  a  constriction,  not 
a  slender  stalk.  The  females  (“  workers  55  included)  possess  a  sting",  but 
there  is  a  group  of  small  bees  which  are  commonly  called  stingless,  since 
the  sting,  though  present,  is  not  functionally  perfect.  The  habits  of  the 
honey  bees  are  well  known  ;  but  there  are  solitary  bees,  bees  that  are 
gregarious  but  not  social,  and  bees  that  are  parasitic  on  other  bees  in  a 
sort  of  cuckoo  fashion.  The  honey  bees  live  in  organised  communities, 
consisting  of  a  queen,  an  army  of  workers,  and  a  small  number  of  “  idle  ” 
males  (drones).  The  workers  make  the  honeycomb  of  their  own  wax, 
secreted  by  glands  on  the  ventral  surface  of  the  abdomen,  and  during 
the  summer  they  store  some  of  the  cells  with  food  (honey  and  pollen), 
and  rear  the  communal  larvae — an  egg  being  laid  in  each  such  cell  by 
the  queen — in  others.  The  idle  males  perish  in  the  autumn,  but  the 
queen  and  workers  live  through  the  winter  on  the  food  stored  in  the 
comb.  New  swarms  are  formed  by  emigration,  the  band  of  colonists 
consisting  of  a  queen  and  a  swarm  of  workers  :  these  settle,  and  when 
the  colony  has  made  some  increase,  the  original  colonists  begin  to  store 
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up  food.  Honey  is  the  nectar  of  flowers  regurgitated  from  the  bee’s 
crop  after  undergoing  certain  changes  there.  The  humble-bees  also 
live  in  communities  which,  like  those  of  social  wasps,  die  off  in  the 
autumn  and  are  independently  renewed  in  the  spring  by  casual  females 
which  have  managed  to  survive  winter.  The  gregarious  (non-social) 
bees  make  a  common  gallery,  in  which  each  mother  makes  her  own 
cells  and  fills  them  with  a  mixture  of  honey  and  pollen  before  laying  ah 
egg  in  each  and  closing  it  up.  The  solitary  bees  make  nests  of  many 
kinds  ;  of  bits  of  dry  wood  in  holes  drilled  in  timber  (carpenter-bees)  ; 
of  pieces  of  leaf  specially  cut,  and  folded  or  gummed  together  (leaf¬ 
cutting  bees)  ;  of  stones  and  specially  made  cement  (mason-bees)  ;  of 
resin  ;  of  cotton  ;  and  of  wool.  All  kinds  of  bees — solitary,  gregarious, 
and  social — are  much  liable  to  the  attacks  of  parasites,  both  internal 
and  external. 

(b)  Diploptera  (dLTrXovs  —  doubled  ;  Trrepov^  wing).  This  section 
includes  the  Solitary  wasps  (which  must  not  be  confused  with  the 
Fossorial  wasps  of  the  next  section)  and  the  Social  wasps.  Wasps  can 
usually  be  distinguished,  in  life,  but  not  so  easily  afterwards,  by  the  fact 
that  the  front  wings  in  repose  are  folded  double,  the  bend  running 
longitudinally  from  the  base  to  the  tip  of  the  wing.  The  tarsi  of  the 
hind  legs  are  not  dilated,  and  there  are  no  feathered  hairs  on  the  body. 
Wasps,  though  they  may  eat  our  fruit  and  jam,  are  largely  carnivorous, 
and  prey  to  some  extent  upon  Diptera.  They  should  therefore  be 
tolerated  to  a  reasonable  extent  since  they  do  not  sting  unless  they  are 
molested.  The  females  of  the  Solitary  wasps  ( Eumemdce )  make  cells 
of  clay  which  they  fill  with  caterpillars  for  the  expected  larva  to  feed 
upon  ;  the  egg  is  suspended  from  the  roof  (so  as  not  to  be  injured  by 
the  movements  of  the  imprisoned  caterpillars)  before  the  cell  is  sealed 
up.  The  Social  wasps  live  in  communities  consisting,  to  begin  with,  of 
a  queen,  and  workers,  which  are  like  her  in  everything  but  size  and  the 
condition  of  the  reproductive  organs.  The  community  is  founded  in 
the  spring  by  a  female  (queen)  which  has  chanced  to  survive  winter  : 
she  merely  begins  the  comb,  lays  an  egg  in  each  (unfinished)  cell,  and 
rears  a  brood  of  workers  :  these  complete  and  enlarge  the  comb  and 
take  charge  of  the  larvae  afterwards  produced  from  the  queen’s  eggs. 
In  late  summer  males  and  perfect  females  are  produced  :  in  autumn  the 
community  dies  off,  except  for  such  females  as  may  succeed  in 
hibernating.  Wasps’  nests  are  constructed  of  a  sort  of  paper  made  of 
mashed  vegetable-tissue  ;  the  combs  are  generally  placed  in  tiers. 
Even  in  hot  countries  like  India,  the  wasp  communities  die  off  at  the 
approach  of  the  cooler  season. 

(c)  Fossores  (Lat.  fossor  =  a  digger,  or  miner).  The 
fossorial  wasps  are  never  social,  and  rarely  gregarious. 
Some  of  them — chiefly  certain  forms  in  which  the  female  is 
wingless  and  ant-like — are  “parasitic”  in  the  same  way  as 
Ichneumon-flies,  etc.  (i.e.,  the  female  victimises  the  larva  of 
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some  insect  as  a  living  receptacle  for  her  eggs  and  a  living 
pabulum  for  the  ensuing  larvae) ;  but  with  most  of  them 
the  female  lays  her  eggs  either  in  burrows  or  in  specially 
constructed  cells  of  mud,  depositing  in  each  cell,  along  with 
an  egg,  a  provision  of  insects  or  spiders  for  the  sustenance  of 
the  future  larva,  and  then  sealing  up  the  cell,  and,  as  a  rule, 
leaving  it  to  fate.  The  insects  so  used  as  provision  are, 
usually,  not  killed  but  are  benumbed  by  a  sting  delivered 
in  some  non-vital  part ;  and  as  a  rule  each  species  of  wasp 
prefers  a  particular  kind  of  insect  for  its  purpose.  A  few 
Fossores  have  a  slight  resemblance  to  bees,  but  can  be 
distinguished  by  the  unmodified  hind  legs  and  by  the 
absence  of  feathered  hairs ;  some,  with  wingless  females, 


Fig.  129. — Mutilla  g'ossince ,  wingless  female. 


resemble  ants,  but  can  be  distinguished  by  the  absence  of 
nodes  on  the  stalk  or  petiole  of  the  abdomen ;  but  the 
great  majority  look  like  wasps,  from  which  they  can  be 
distinguished  by  the  absence  of  the  longitudinal  fold  of 
the  front  wing.  The  following  families  may  be  noticed  : — 
(i)  Mutillidce — “Solitary  ants,”  or  “velvet  ants,”  so  called 
from  their  hairy  covering.  The  females  which  resemble  ants 
are  wingless  and  have  all  the  segments  of  the  thorax  indis- 
tinguishably  fused ;  the  males  are  winged  and  resemble 
brilliantly  coloured  wasps.  The  larvae  are  parasitic  in  other 
insects:  those  of  Mutilla  glossince  (Fig.  129)  have  been 
found  parasitic  in  the  pupae  of  Glossina  morsitans.  (2) 
Pompilidm— large  fossorial  wasps,  sometimes  2  or  3  inches 
long,  and  probably  able  to  inflict  a  grievous  sting ;  the 
pronotum  is  of  good  size  and  the  hind  legs  are  very  long  : 
they  run  rapidly,  quivering  with  energy,  and  they  store 
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their  cells  with  paralysed  spiders.  (3)  Sphegidce — the  pro- 
notum  is  short,  often  a  mere  collar,  in  this  very  large  family ; 
the  different  species  store  their  cells  with  insects  of  all  sorts 
as  well  as  spiders,  each  species  according  to  its  wont.  The 
genus  Bembex  (Fig.  130),  in  this  family,  requires  particular 
notice,  as  its  prey  consists  of  Diptera ,  and  it  has  been 
observed  in  three  different  quarters  of  the  globe  to  have  a 
predilection  for  blood-sucking  flies  of  the  Tabanid  family. 
The  species  of  Bembex  resemble  heavy-built  wasps,  the 
“  waist  ”  being  a  constriction  and  not  a  long  slender  stalk  ; 
their  colour  is  black  or  brown,  with  sinuous,  or  V-shaped, 


Fig.  130. — Bembicid  Digger-wasp. 


yellow,  or  milky  cross-bands  on  the  abdomen  ;  the  head  is 
broad,  the  eyes  are  large,  and  the  labrum  is  usually  long  and 
pointed  ;  the  legs  are  stoutish  and  spinose,  and  the  tarsi  are 
hairy.  The  female  Bembex  makes  loose  burrows  in  sand,  not 
troubling  to  keep  the  mouth  of  the  burrow  open.  In  each 
loose  cell  she  deposits  an  egg  and  a  small  provision  of  dead 
flies.  The  larva  finishes  this  supply  soon  after  hatching,  and 
then  the  mother  continues  to  feed  it  with  fresh-caught  flies  as 
birds  feed  their  nestlings.  The  larva  of  one  species  of  Bembex 
is  known  to  live  fourteen  or  fifteen  days  before  pupating,  and 
is  believed  to  consume  between  fifty  and  eighty  flies.  Some 
species  of  Bembex  are  gregarious  (not  social).  One  species  of 
Bembex  is  known  to  be  victimised  in  most  amazing  turn  by 
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a  Tachinid  fly,  which  lays  its  eggs  on  the  prey  as  it  is  being 
carried  by  the  mother  to  her  larva ;  the  eggs  of  the  Tachinid 
are  thus  introduced  into  the  nest,  and  hatching  there,  the 
Tachinid  larvae  play  the  part  of  cuckoo,  being  fed  by  the 
Bembex  at  the  expense  of  her  own  larva,  which  at  last  they 
may  even  kill  and  eat. 

(d)  Heterogyna ,  or  Formicidcej  Ants.  Ants  are  distinguished  from 
other  Aculeate  Hymenoptera  by  the  structure  of  the  stalk  or  petiole  that 
connects  the  “thorax”  with  the  “abdomen”  ;  the  one  or  two  segments 
that  compose  the  petiole  are  extremely  mobile  and  bear  a  dorsal  node 
or  “scale.”  The  molith-parts  also  are  peculiar,  the  maxillae  and  the 
labium,  and  their  palps,  usually  being  packed  close  together  so  as  to 
give  the  utmost  freedom  to  the  powerful  mandibles.  The  antennae  are 
elbowed.  All  the  ants  are  social,  though  with  some  few  species  the 
communities  consist  of  a  very  small  number  of  individuals.  The  typical 
ant-communities  are  large  and  are  composed  of  one  or  more  usually 
winged  queens,  and  of  myriads  of  wingless  workers  (sterile  females), 
which  may  be  of  more  than  one  kind.  The  communities  are  lodged  in 
a  labyrinth  of  chambers  and  galleries  near  the  surface  of  the  ground 
(ant-hills),  or  far  underground,  or  among  roots,  or  in  decayed  timber. 
Some  ants  make  nests  in  trees,  and  there  is  a  well-known  Indian  ant 
of  fierce  disposition  that  makes  its  nests  of  living  leaves  which  are 
stuck  together  by  sticky  secretion  expressed  from  the  larvae  of  the  ant, 
the  ants  holding  the  larvae  in  their  mandibles  and  using  them  much  as 
we  might  use  tubes  of  “  stickfast.”  The  queens  of  the  community,  as 
usual,  produce  the  eggs,  which  are  taken  charge  of  by  the  workers.  The 
larvae  are  not  enclosed  in  separate  cells,  but  are  kept  together,  and  are 
moved  about  as  convenience  or  necessity  may  require  ;  they  are  fed  and 
carefully  tended  by  the  workers.  The  pupae,  which  also  are  carefully 
mothered,  are  popularly  known  as  “  ants’  eggs.”  The  issue  of  the  pupae 
may  be  wingless  workers  after  their  several  kinds,  or  may  be  winged 
males  and  females.  Whether  the  particular  issue  be  due  to  diet  during 
the  larval  stage,  or  not,  is  not  certainly  known.  The  males  and  females 
periodically  swarm  out  of  the  nest  for  a  nuptial  flight,  soon  after  which 
the  males  die,  and  the  impregnated  females  remain  as  potential  queens. 
The  communities  are  long-lived.  New  communities  may  be  formed  by 
a  solitary  female,  as  in  the  case  of  wasps  and  bumble-bees,  such  a  female 
discharging  the  double  function  of  worker  and  queen  until  the  colony  is 
established,  and  then  becoming  a  true  queen  devoted  entirely  to  egg- 
laying.  Some  ants  have  proper  stings,  others  have  rudimentary  stings 
and  merely  squirt  out  their  venom. 

It  is  unnecessary  here  to  refer  to  the  weird  and  wonderful  complica¬ 
tions  of  ant  civilisation,  in  which  the  individual  is  nothing  and  the  state 
is  everything.  So  far  may  this  principle  be  carried  that  in  the  interests 
of  the  community  certain  individuals  of  certain  species  become  living 
puncheons  for  holding  the  communal  honey.  Hamlet’s  imagination 
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curiously  considering  “the  noble  dust  of  Alexander  till  he  find  it 
stopping  a  bung-hole”  could  hardly  find  a  baser  or  grotesquer  use  for 
the  paragon  of  the  insect  world.  It  is  well  known  that  certain  ants  lay 
up  stores  of  grain  and  other  food  ;  that  many  ants  herd  aphides,  and 
even  keep  root-feeding  aphides  and  many  other  insects  in  their  galleries 
for  the  sake  of  the  sweet  juices  that  they  yield  ;  and  that  the  leaf-cutting 
ants  bring  home  bits  of  leaf  and  mash  them  up  into  balls  for  the  culture 
of  a  particular  kind  of  fungus.  Many  of  the  militant  ways  of  procuring 
slaves  known  to  the  historian  are  also  practised  by  ants,  and  some  of 
the  enervating  and  demoralising  results  of  “  the  peculiar  institution  ” 
are  illustrated  by  these  insects.  The  undesirable  alien  ant  is  also 
known  to  some  of  the  ant  communities,  and  they  also  bear  the  heavy 
burden  of  commensals  and  parasites  of  other  Orders  of  Insects.  The 
medical  officer  in  the  tropics  observes  the  ant  chiefly  as  an  industrious 
and  useful  scavenger,  but  sometimes  as  an  inveterate  pest  in  houses  and 
laboratories.  It  is  well  to  bear  in  mind  that  some  of  the  small  scavenging 
ants  that  come  about  houses  have  most  catholic  tastes  and  might  possibly 
infect  food,  while  on  the  other  hand  they  may,  and  sometimes  do,  make 
havoc  of  termites,  bugs,  flea-larvae,  etc. 

An  American  provincial  newspaper  is  responsible  for  the  following 
recommendation:  “To  keep  aunts  away  from  safe  tie  woollen  string 
around  each  leg,  saturated  with  turpentine.” 

Having  briefly  reviewed  those  Orders  of  Insects — namely, 
the  Diptera ,  Siphonaptera ,  Rhynchota ,  Anoplura ,  and  Hymen- 
optera — which,  whatever  else  may  be  said  for  and  against 
them,  include  a  considerable  number  of  species  that  do 
commonly  inflict,  or  possibly  can  inflict,  direct  physical 
suffering  upon  man,  by  sucking  his  life-blood,  or  by  inocu¬ 
lating  him  with  pathogenic  micro-organisms,  or  by  infecting 
his  food,  or  by  making  a  home  of  his  body,  or  by  grievously 
stinging  him,  or  by  treating  him  in  some  other  way  that 
drives  him  incontinent  into  the  arms  of  the  medical  officer, 
we  must  next  turn  our  attention  to  the  insects  of  those 
Orders  that  affect  the  individual  human  machine  in  a  less 
direct  and  tragic  fashion. 

Among  the  insects  of  what  from  our  point  of  view  may 
be  termed  of  secondary  importance  come,  outside  the  foregoing 
Orders ,  (a)  those  that  may  endanger  man’s  health  and  bodily 
comfort  by  befouling  and  spoiling  his  stored  provisions 
and  by  damaging  his  habitations  ;  and  (b)  those  that  eat 
his  insect  foes,  and  may  therefore  be  looked  upon,  but 
“  with  one  auspicious  and  one  dropping  eye,”  as  respectable 
allies  of  the  sanitary  department. 
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In  the  first  of  these  assemblages  having  a  certain  sanitary 
interest  come  a  good  many  species  belonging  the  Orders 
Coleoptera  (Beetles),  Lepidoptera  (Moths),  Orthoptera  (Cock¬ 
roaches),  Isoptera  (Termites),  Corrodentia  (Book-lice),  and 
Thysanura  (Fish-insects);  these  Orders,  therefore,  will  now 
be  reviewed  very  shortly. 


CHAPTER  XXIV 


Order  Coleoptera :  Beetles 

(Gr.  Ko\e6s  =  a  sheath;  7TTepoV  =  wing.) 

The  Beetles  are  an  enormous  group  of  insects  in  which  the 
front  wings  are  hard  and  useless  for  flight  but  form  covers, 
or  elytra  (e\vTpov  =  sheath  or  shard),  for  the  hind  wings  and 
back ;  occasionally  the  elytra  are  soldered  together,  some¬ 
times  they  are  short  and  leave  the  after  part  of  the  abdomen 
exposed.  The  hind  wings,  which  are  used  in  flight,  are 
large  and  membranous,  and  have  few  veins.  The  mandibles, 
maxillae,  and  labium  are  formed  for  biting,  being  not  unlike 
the  same  parts  of  a  cockroach  (cf  Fig.  157).  The  antennae 
vary  in  structure  and  are  used  in  classifying  the  Order. 

All  3  segments  of  the  thorax  are  distinct,  though  the 
mesonotum  and  metanotum  are  covered  by  the  elytra. 
The  number  of  tarsal  segments  is  variable,  and  is  employed 
in  classification. 

The  larva  usually  has  a  distinct  head,  3  distinct  thoracic 
segments,  and  9  (occasionally  10)  abdominal  segments : 
there  are  commonly  three  pairs  of  thoracic  legs  ;  but  legs 
are  often  altogether  absent.  A  majority  of  beetle  larvae 
live  concealed  in  wood  and  among  roots,  and  these,  as  a 
rule,  have  a  soft,  whitish  abdomen ;  but  some  larvae  are 
active  and  predaceous,  and  have  the  abdomen  shapely. 

The  pupa  also  is  usually  buried  in  earth  or  timber  ;  it  is 
generally  soft,  with  its  appendages  free  ;  but  some  pupae  make 
rough  cases,  some  are  chrysalises,  and  some  pupate  in  their 
larval  skin. 

The  Order  is  of  tremendous  importance  to  the  forester 
and  agriculturist  ;  certain  species  that  infest  stored  and 
shipped  grain  and  dry  provisions  provide  at  times  a  problem 
for  the  sanitary  officer  (see  p.  24) ;  and  the  medical  officer 
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must  not  forget  that  many  beetles  are  active  scavengers,  and 
that  there  are  numerous  aquatic  beetles  which,  both  in  the 
adult  and  larval  state,  are  predaceous,  and  therefore  are  to 
be  reckoned  among  the  natural  checks  upon  mosquito-larvae. 

The  Coleoptera  are  grouped  by  Dr  Sharp  in  six  series  :■ 

(1)  Lamellicornia  {lamella  =  a  little  plate;  cornu=- horn,  or 
antenna).  The  distal  segments  of  the  antennae  are  broad 
movable  leaflets  which  in  repose  form  a  knob.  All  the  tarsi 
are  composed  of  5  segments. 

(2)  A dephaga  (aSyv  —  to  satiety  ;  (payed  =  to  eat).  Antennae 
filiform.  Outer  lobe  of  maxilla  often  divided  into  a  two- 
jointed  palp,  the  true  palp  being  present  also.  All  the  tarsi 
are  composed  of  5  segments 

(3)  Polymorpha.  Antennae  often  either  clubbed  (but  not 
lamellar),  or  serrated  along  the  inner  edge.  All  the  tarsi 


Fig.  131. — Scarab  Beetle. 


commonly  with  5  segments,  but  in  some  species  with  4,  or 
in  some  small  forms  with  3  or  less. 

(4)  Heteromera  (erepos  =  different ;  /aepog  =  part,  or  segment 
i.e.  of  tarsi).  There  are  5  tarsal  segments  in  the  1st  and 
2nd  pair  of  legs,  and  only  4  in  the  3rd  pair.  Antennae 
rarely  clubbed. 

(3)  Phytophaga  (K<pvTov  =  '&  tree;  (payed  =  to  eat).  The 
tarsi  usually  appear  to  consist  of  4  segments,  the  first  3 
usually  being  broad  and  pubescent  beneath.  Antennae  often 
elongate. 

(6)  Rhynchophora  (pvyx0<>  =  snout ;  (popea>  =  I  carry).  Head 
usually  produced  as  a  snout.  The  tarsi  usually  appear  to 
consist  of  4  segments,  one  of  which  usually  is  broad  and 
pubescent  beneath. 

I.  Lamellicornia.  Dung-rollers,  Chafers.  The  Scara- 
bcEidce  (Fig.  131)  belong  here:  they  are  large  beetles, 
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numerous  in  warm  countries,  which  have  the  habit  of  rolling 
dung  into  balls  with  their  front  legs.  The  balls  are  carried 
off  and  buried  for  food,  particularly  large  balls  being  formed 
for  the  reception  of  the  eggs  and  the  nourishment  of  the 
ensuing  larvae.  These  beetles  may  do  some  slight  service 
as  scavengers. 

II.  Adephaga.  Four  families  of  predaceous  beetles 
must  be  noticed,  (i)  Cicindelida? ,  or  Tiger-beetles:  long- 


legged,  slender,  active,  and  often  pretty-coloured  beetles; 
the  inner  lobe  of  the  maxilla  ends  in  an  articulated  hook ; 
the  larvae,  which  have  strong  mandibles,  lie  in  wait  for  their 
prey,  in  burrows,  where  they  are  anchored  by  proclivous 
hooks  situated  on  a  hump  of  the  5th  abdominal  tergum. 
The  “Fura”  (Fig.  132)  of  Nigeria  is  the  larva  of  a  Tiger- 


beetle,  and  is  said  by  Dr  J.  Pollard  to  bite  the  feet  of 
passers-by,  the  bite  being  not  merely  painful  but  also 
causing  inflammation  that  may  spread  to  the  inguinal  glands 
and  may  last  for  several  days.  (2)  CarabidcE ,  or  Ground- 
beetles  :  like  Tiger-beetles,  but  larger  and  stouter,  usually  of 
a  shiny  black  colour,  and  not  having  a  hook  in  the  inner 
lobe  of  the  maxilla ;  the  larvae  are  active  and  hunt  their 
prey.  (3)  Dytiscidcz ;  Water-beetles  with  conspicuous,  filiform 
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antennae,  polished  elytra,  and  feathered  paddle-like  legs 
formed  for  swimming.  The  larva  of  Dytiscus  (Fig.  133) 
has  enormous  channelled  mandibles  for  seizing  and  sucking 
its  prey,  and  a  tapering  abdomen  which  ends  in  a  pair  of 
feathered  filaments  or  lobes.  (4)  Haliplidce :  small  Water- 
beetles,  but  with  legs  of  the  ordinary  form.  The  larvae 
usually  have  either  tufts  or  long  filaments  on  most  of  the 
segments,  and  the  abdomen  ends  in  a  pair  of  forks  or  long 
segmented  filaments.  Both  adults  and  larvae  of  Dytiscidae 
and  Haliplidae  are  common  everywhere,  in  ponds. 

III.  POLYMORPHA.  Of  the  many  families  of  this  series 
the  following  may  be  mentioned.  (1)  Gyrinidce ,  or  Whirligig- 
beetles  :  small  beetles  often  seen  gyrating  in  companies  on 
the  surface  of  ponds ;  the  antennae  are  very  short,  and  the 
legs  are  paddle-like.  The  rapacious  larva  (Fig.  134)  is  long 
and  slender  with  long  feathery  tracheal-gills  in  pairs  on  the 


abdominal  segments.  (2)  Hydrophilidce :  large  Water-beetles 
resembling  Dytiscidae  but  not  having  the  outer  lobe  of  the 
maxilla  palp-like  nor  the  antennae  filiform.  The  larva  of 
Hydrophilus  is  rapacious ;  it  has  no  gill-filaments,  and  the 
abdomen  ends  in  a  pair  of  segmented  hooks.  (3)  P latypsy llidce : 
small  blind  beetles,  with  short  elytra  and  no  wings,  parasitic 
in  the  fur  of  beavers.  (4)  Leptinidce :  small  beetles,  blind 
or  with  imperfect  eyes,  with  elongate  antennae,  and  perfect 
elytra,  parasitic  on  mammals.  (5)  Silphidce ,  or  Burying- 
beetles,  so  called  from  the  habit  which  some  of  the  species 
have  of  burying,  by  a  process  of  undermining,  the  dead 
bodies  of  small  mammals  and  birds.  In  the  typical  forms 
the  body  is  stout,  the  elytra  do  not  cover  the  end  of  the 
abdomen,  and  the  antennae  are  clubbed.  They  are  useful 
scavengers.  (6)  S  tap  hy  Uni  dee :  Rove-beetles,  Devil’s  Coach- 
horses  :  long  slender  beetles  with  elytra  so  short  as  to  leave 
the  greater  part  of  the  abdomen  uncovered.  Some  of  the 
species  resemble  large  ants.  The  species  of  Paederus  (Fig. 
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1 35)  exude  a  blistering  secretion  when  handled.  (7)  Cucujidcz : 
small,  rather  flat  beetles,  with  antennae  often  slender  but 


sometimes  clubbed ;  they  usually  live  under  bark,  but 
Silvanus  surinamensis  (Fig.  13d)  and  Lcemophloeus  (Fig.  137) 
are  common  pests  of  grain  and  other  provisions ;  the  serrated 


edges  of  the  pronotum  are  characteristic.  (8)  Dermestida : 
notoriously  destructive  little  beetles,  particularly  so  in  the 
larval  state.  The  adults  are  plump  in  form,  with  the  surface 
of  the  body  covered  with  minute  scales,  and  the  antennae 
clubbed  and  retractile  into  grooves  in  the  under  surface  of  the 
prothorax  (Fig.  138,  b).  Dermestes  lardariusy  the  well-known 
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museum  pest,  also  eats  everything  in  the  way  of  provisions, 
upholstery,  carpets,  etc. ;  its  larva  (Fig.  139)  is  covered  with 
most  elegant  rows  and  tufts  of  hairs.  Anthrenus  scrophularice 
(Fig.  138)  is  another  household  pest.  (9)  Trogositidce :  to 
this  family  belongs  Tenebnoides  mauritanicus ,  a  small  black 


beetle  common  in  granaries  and  very  much  like  the  Meal¬ 
worm  beetle  in  miniature ;  it  can  be  distinguished  from  the 
latter  by  its  small  size,  its  clubbed  antennae,  and  by  the 
number  of  tarsal  segments  being  the  same  in  all  the  legs  ; 


Fig.  141. — CarpopTiilus  hemipterus. 


it  seems  probable  that  it  and  its  larva  feed  on  other  grain- 
infesting  beetles  rather  than  on  the  grain  itself.  (10)  Cleridce  : 
to  this  family  belongs  Necrobia  rufipes  (Fig.  140)  a  small  dark- 
blue  beetle  with  red  legs  and  clubbed  antennae,  found  in  dry 
provisions  of  all  kinds  and  probably  predaceous  on  other  insect 
pests  •  it  sometimes  swarms  in  houses  and  bites  the  occupants. 
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(u)  Nitidulidce :  small  beetles  in  which  the  last  3  segments 
of  the  antenna  form  a  pronounced  club ;  often  also  the  elytra 
are  short  and  do  not  nearly  cover  the  abdomen ;  to  this 
family  belongs  Carpophilus  hemipterus  (Fig.  141)  a  very 
common  pest  in  cargoes  of  dried  fruit  (12)  Bostrichidce : 
small  beetles  particularly  destructive  to  timber ;  the  antennae 
are  clubbed,  and  usually  the  posterior  end  of  the  body  is 
truncated  and  roughened.  Rhizopertha  pusilla  (Fig.  142) 
damages  stored  grain,  biscuits,  etc. 

13.  Ptinidce:  Death-watches.  These  are  small  beetles, 
in  which  the  head  is  tucked  under  the  pronotum  and  is 
often  quite  invisible  in  a  dorsal  view.  The  antennae  are 
serrated.  Many  of  the  species  of  this  family  are  omnivorous 


Fig.  143. — Anobium  paniceum. 


pests  of  the  household  and  warehouse.  One  of  the  worst 
is  Anobium  t>aniceum  (Fig.  143),  commonly  known  as  the 
biscuit-"  weevil,”  which  destroys  all  sorts  of  things  besides 
ships’  biscuit,  including  grain,  dried  meat,  and  provisions 
generally,  books,  furniture,  and  even,  it  is  said,  opium.  The 
larva  of  this  species  is  a  small  sausage-shaped  whitish  grub ; 
the  adult  on  first  emergence  is  light  brown  but  soon  becomes 
darker.  Other  species  that  eat  everything  they  can  get 
hold  of,  and  are  consequently  of  very  common  occurrence, 
belong  to  the  genera  Ptinus  and  Niptus  (Fig.  144)- 
Niptus  the  elytra  are  fused  together.  Another  well-known 
species  of  Ptinid  is  the  one  that  eats  tobacco  and  drills  neat 
holes  into  cigars,  often  choosing  the  best. 

IV.  HETEROMERA.  Two  families  attract  the  attention 
of  the  medical  officer.  (1)  Canthavidce ,  or  Meloidce ;  Blister- 
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Fig.  146. — Meal-worm.  Larva  of  Tenebrio  molitor. 


Fig.  148. — Tribolium  ferrugineum . 


Fig.  149.— Head  of  Tribolium  conjusum. 
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beetles.  The  integument  is  comparatively  soft,  the  head  is 
abruptly  narrowed  behind  the  eyes  to  form  a  sort  of  neck, 
the  elytra  are  rather  loose,  and  they  sometimes  overlap ; 
the  legs  are  long  and  slender,  and  each  tarsal  claw  has 
either  an  appendage  or  a  tooth.  Some  ( Meloince )  are  wing¬ 
less  and  have  rudimentary  elytra ;  others  ( Cantharince )  are 
winged  and  are  commonly  found  on  flowers.  Cantharis 
vesicatoria  is  the  blister-beetle  of  the  B.P.,  but  many  other 
species  of  the  family  have  vesicant  properties. 

(2)  Tenebrionidce.  A  large  family  of  dull-coloured  beetles, 
several  of  which  are  known  all  the  world  over  as  extremely 
destructive  to  stored  grain  and  meal.  The  commonest 
species  is  Tenebrio  molitor  (Fig.  145)  whose  larva  is  the  well- 


known  meal-worm.  Both  larva  and  adult  work  havoc  amone 
the  stores  of  millers,  corn-chandlers,  and  bakers.  The  larva 
(Fig.  146)  looks  very  much  like  a  wire-worm,  having  the 
same  long,  stiff,  cylindrical  body,  and  the  same  yellowish- 
brown  colour :  it  is  a  certain  find  for  Gregarina  polymorpha. 
The  adult  is  almost  black  in  colour.  Two  other  species, 
which  have  been  carried  everywhere  in  cargoes  of  grain,  are 
Tribolium  ferrugineum  (Fig.  148)  and  Tribolium  confusum 
(Figs.  147  and  149);  both  are  very  small  reddish-brown 
beetles,  ferrugineum  being  distinguished  by  the  more 
strongly  clubbed  antennae,  and  confusum  by  the  more 
spathulate  form  of  the  front  of  the  head.  Gnathocerus 
cornutus  (Fig.  150),  another  common  little  pest  of  grain, 
is  much  like  Tribolium ,  but  in  the  male  the  front  of  the  head 
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is  produced  to  form  a  pair  of  horns,  and  the  sides  of  the  head 

are  extended  as  prominent  lobes. 

V.  PHYTOPHAGA.  This  series  includes  three  families 
(i)  Bruchidce,  or  pea-weevils — the  larvae  live  in  seeds,  and 
Bruchus  pisi  and  fabi  are  notorious  pests  of  peas  and  beans. 
The  adults  of  these  are  small  plump  beetles  with  the  head 
produced  into  a  short  broad  beak,  the  hind  femora  more  or 
less  swollen,  and  the  tip  of  the  abdomen  not  covered  by 
the  elytra  ;  the  larvae  are  fat  maggots  without  legs  (except 
when  first  hatched),  and  with  a  pair  of  broad  serrated  teeth 
on  the  pronotum.  (2)  Chrysomelidae- — an  enormous  family 
of  small  beetles  destructive  to  plants ;  they  are  oval  in 
shape,  convex,  and  often  of  a  bright  metallic  colour ;  the 
larvae  of  some  species  do  much  damage  to  certain  “  root  - 
crops,  among  these  is  the  larva  of  the  notorious  Colorado 


Fig.  151.— Colorado  Beetle,  enlarged.  Fig.  152.— Calandra,  much  enlarged. 


potato-beetle  (Fig.  151).  (3)  Cerambycidcz — an  enormous 

family  of  elegant  beetles,  of  which  many  are  of  large  size 
and  most  have  long  antennae.  Some  of  the  smaller  and 
more  vividly  coloured  species  have  a  decided  resemblance  to 
fossorial  wasps. 

VI.  Rhynchophora.  In  this  enormous  group  the 
head  is  produced  either  into  a  long  snout  or  a  broadish 
beak.  (1)  CurculionidcB ,  or  true  weevils,  usually  with  a  long 
snout  and  elbowed  antennae ;  the  larva  is  soft  and  maggot¬ 
like  ;  they  are  most  destructive  insects,  some  of  the  smaller 
species  damage  stone-fruits,  and  the  species  of  Calandra 
(Fig.  152)  are  notorious  pests  of  stored  grain.  (2) 
Anthribidce :  antennae  not  elbowed  and  usually  elongate, 
snout  short  and  broad,  colouring  often  elegantly  mottled  : 
one  species  of  Arcecerus  has  been  found  in  dried  fruits.  (3) 
S coly tides :  small  cylindrical  weevils,  with  very  short  and 
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broad  snout,  and  elbowed  and  clubbed  antennae  ;  often  the 
abdomen  is  abruptly  truncated  posteriorly ;  they  tunnel 
under  the  bark  of  trees,  and  some  species  have  been 
found  in  dried  fruits. 

Order  Strepsiptera. 

(Gr.  (rrperpL  =  twisted,  and  Trrepov  —  wing.) 

Minute  insects,  of  which  the  females  are  degraded,  wingless,  and 
legless  endoparasites  of  certain  Hymenoptera  and  Hemiptera.  The 
short-lived  males  are  active  and  well  endowed,  possessing  large  hind 
wings,  which  have  no  cross-veins,  and  vestigial  front  wings.  The  larvae 
are  parasitic  in  the  larvae  of  their  mother’s  host.  The  Strepsiptera 
are  now  very  commonly  classed  with  the  Beetles  ( Coleoptera ). 


S 


CHAPTER  XXV 


Order  Lepidoptera  :  Moths  and  Butterflies 

(Gr.  Xe7 rig,  Aex/(5o?  =  a  scale  ;  irrepov  =  wing.) 

This  Order  includes  the  Butterflies  and  Moths,  and  although 
it  is  made  much  of  by  entomologists,  and  although, 
owing  to  the  depredations  of  caterpillars,  it  is  an  Order  of 
grave  concern  to  the  market-gardener,  the  fruit-grower,  the 
planter,  and  the  forester,  the  medical  officer  comes  in 
contact  with  it  only  in  a  sort  of  fancy  way,  when  patients 
have  handled  caterpillars  that  have  venomous  hairs,  or 
have  passed  or  coughed  up  a  caterpillar.  The  sanitary 
officer,  however,  may  have  to  deal  with  grain,  flour,  and  other 
food  that  has  been  extensively  damaged  by  the  larvae  of 
certain  moths. 

In  the  Lepidoptera  the  wings  are  covered  with  scales, 
the  mouth-parts  form  a  long  tube  for  sucking  nectar  from 
flowers,  and  the  metamorphosis  is  “complete.” 

The  eyes  are  large  and  the  antennae  are  composed  of 
many  segments.  The  only  conspicuous  parts  of  the  mouth, 
as  a  rule,  are  (i)  the  coarse,  hairy,  labial  palps,  and  (2)  the 
proboscis  formed  by  the  apposition  of  the  extraordinary 
long,  channelled  maxillae  ;  this  in  repose  is  coiled  between 
the  labial  palps.  In  some  moths  the  maxillae  do  not  form 
a  tube,  or  are  absent  altogether;  and  in  one  small  family 
of  moths  the  mandibles  are  well  developed,  and  the  maxillae 
are  used  for  feeding  on  pollen. 

The  mesothorax  forms  the  chief  part  of  the  thorax ;  the 
prothorax  is  a  mere  collar,  and  usually  bears  a  pair  of 
shoulder-flaps,  or  patagia ,  which  overhang  the  bases  of  the 
front  wings.  For  united  action  the  wings  of  each  side  are 
held  together  either  (1,  as  in  most  moths)  by  a  strong 
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curved  bristle,  or  leash  of  bristles,  known  as  the  frenuin , 
which  projects  from  the  root  of  the  hind  wing  and  bites 
into  a  flap  or  tuft  of  scales,  known  as  the  retinaculum ,  on 
the  under  side  of  the  front  wing  ;  or  (2,  as  in  butterflies  and 
some  large  moths)  by  a  flange  of  the  inner  part  of  the 
anterior  border  of  the  hind  wing,  upon  which  the  front 
wing  rides  ;  or  (3,  as  in  a  few  moths)  by  a  slender  finger¬ 
like  stay,  known  as  the  jugum ,  which  projects  backwards 
from  the  axil  of  the  front  wing.  The  scales  that  cover  the 
wings  are  arranged  in  regular  overlapping  rows  like  the 
slates  on  a  roof.  The  colouring  of  the  wings  is  effected 
by  the  scales,  and  is  due  either  to  pigment,  or  to  surface 
diffraction  of  light,  or  (in  the  case  of  white)  to  occluded  air. 
The  females  of  some  moths  are  wingless. 

The  abdomen,  which  like  other  parts  of  the  body,  is 
thickly  covered  with  hairs  or  scales,  is  composed  in  the  male 
of  8,  in  the  female  of  7,  visible  segments. 

The  eggs,  which  are  of  varied  shape  and  sculpture,  are 
often  laid  on  the  particular  food-plant  of  the  larva.  The 
larva,  or  caterpillar,  has  a  distinct  head  and  powerful 
mandibles ;  three  distinct  thoracic  segments,  each,  as  a  rule, 
with  a  pair  of  short  legs,  which  are  segmented  and  end  in 
a  claw ;  and  10  abdominal  segments,  the  last  of  which,  and 
generally  some  of  those  in  front  of  it,  bears  a  pair  of  fleshy, 
unsegmented  pseudopods  the  tips  of  which  are  burred  with 
minute  hooklets.  The  larva  has  a  pair  of  silk-glands  which 
open  at  a  prominence,  the  spinneret ,  in  the  middle  of  the 
labium  :  it  feeds  voraciously,  usually  on  foliage,  but  some¬ 
times  burrowing  into  leaves,  or  into  fruits  and  seeds,  rarely 
upon  animal  matter.  The  pupa  in  most  butterflies  is 
*' obtected,”  z>.,  is  an  exposed  chrysalis  physiologically  pro¬ 
tected  by  the  hardened  secretion  or  pupal  skin  that  binds 
down  all  the  appendages ;  but  in  most  moths  the  pupa  is, 
further,  mechanically  protected  by  a  cocoon  of  some  sort, 
which  is  constructed,  in  whole  or  part,  of  silk  spun  by  the 
larva  when  preparing  to  pupate. 

The  Order  is  composed  of  two  groups — Rhopalocera ,  or 
Butterflies,  and  Heterocera ,  or  Moths. 

In  the  Rhopalocera  (poird\ov  =  a.  club;  =  antenna) 

the  antennae  are  clubbed  at  the  tip,  the  wings  are  held 
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together  by  a  flange  of  the  posterior  wing,  and  when  the 
wings  are  closed  they  stand  vertically  upright.  Some 
authors  separate  as  a  distinct  group  the  Skippers,  which, 
though  they  have  the  general  carriage  of  a  butterfly,  are 
stout  and  thick-set,  and  have  antennae  that,  being  thickened 
near,  not  at,  the  tip,  are  not  truly  clubbed. 

The  Heterocera  (erepo?  =  different ;  Kepas  =  antenna)  rarely 
have  clubbed  antennae,  and  often  have  the  wings  linked 
together  by  a  frenum  and  retinaculum  ;  the  wings,  in  repose, 
usually  are  sloped  on  either  side  of  the  body.  A  good  many 
moths  are  as  diurnal  as  butterflies,  but  the  marjority  are 
active  after  sunset.  The  moths  far  outnumber  the  butter¬ 
flies  in  species. 

There  are  many  moths  whose  spiny  or  hairy  caterpillars, 
when  handled,  cause  severe  and  prolonged  itching.  The 
irritation  may  be  caused  by  the  fine  barbules  of  the  hairs, 


or  by  toxic  secretions  from  the  fleshy  excrescences  in  which 
the  spines  are  embedded  ;  it  is  sometimes  very  acute,  and 
may  spread  to  the  nearest  lymphatic  glands,  or  may  even 
cause  fever  and  malaise. 

Among  the  moths  with  venomous  spiny  caterpillars  may 
be  mentioned  the  A aturmzdtB— large  moths  of  which  the 
tusser-silk-moths  are  good  examples  ;  and  the  Limacodidce , 
whose  short,  broad,  footless  caterpillars  (Fig.  153)  have  a 
somewhat  slug-like  appearance.  Among  those  with  urticat- 
ing  hairy  caterpillars  the  most  widely  distributed  are  the 
Arctiidce ,  or  Tiger-moths  ;  the  Lasiocampidce ,  or  Eggar-moths 
and  Lappet-moths  ;  and  the  Lymantndce ,  or  Tussock-moths, 
the  caterpillars  of  which  often  carry  long,  brightly-coloured 
tufts  of  hair. 

Of  moths  whose  caterpillars  infest  stored  grain  or  are 
otherwise  objectionable  as  household  pests,  the  following 
are  some  of  the  most  notorious : — 
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(1)  Pyralis  farinalis ,  L.  (Family  Pyralidce).  Compara¬ 
tively  large,  the  span  of  its  extended  wings  being  nearly 
an  inch  :  fore  wing  different  shades  of  brown,  with  two  sinuous 
white  cross-lines,  one  in  the  basal  third  the  other  in  the 
distal  third.  Larva  rather  slender,  whitish,  with  brown  head 
and  rows  of  sparse  hairs :  it  feeds  on  grain,  meal,  bran, 
straw,  and  stored  vegetables.  According  to  Brumpt,  both 
the  adult  and  the  larva  may  harbour  the  cysticercus  of 
Hymenolepis  diminuta ,  a  rat  tape-worm  sometimes  found 
in  man. 

(2)  Plodia  interpunctella ,  Hubner  (Family  Phycitidce).  A 
smallish  moth,  the  span  of  the  extended  wings  being  about 


half  an  inch ;  fore  wing  ashy  grey  in  the  basal  third,  reddish- 
brown  in  the  distal  two-thirds ;  hind  wing  ashy  grey.  The 
larva  is  whitish  or  pinkish,  moderately  slender,  with  brown 
head,  and  rows  of  sparse  bristles :  it  feeds  on  grain,  flour, 
and  all  kinds  of  dried  fruits  and  seeds. 

(3)  Ephestia  kuehniella ,  Zeller  (Family  Phycitidce).  This 
moth  (Fig.  154)  has  a  span  of  nearly  an  inch ;  the  fore  wing 
is  warm  silvery  grey  with  blackish  specks  and  flecks,  some 
of  which  are  arranged  in  broken  zig-zag  cross-lines;  hind 
wing  light  silvery  grey.  Larva  plump,  pinkish,  with  brown 
head  and  several  longitudinal  series  of  dark  dots,  each  dot 
carrying  one  or  two  hairs  :  it  is  one  of  the  most  destructive 
pests  of  grain,  flour,  biscuits,  etc. 

(4)  Corcyra  cephalonica ,  Stainton  (Family  Galleriidce). 
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Much  like  Ephestia ,  but  distinguished  by  the  shaggy  sheets 
of  scales  at  the  bases  of  the  antennae,  and  the  dense  forelock 
of  scales  that  projects  from  the  front  of  the  head;  the 
proboscis  also  is  rudimentary,  and  in  the  female  the  labial 
palps,  which  are  shaggy  with  scales,  are  not  curved  upwards. 
Larva  whitish,  rather  slender,  with  rows  of  spaise  hairs. 

Several  species  of  the  Family  Tineidcz  (Clothes-moths),  a 
family  distinguished  by  the  long  narrow  fore  wings,  and  the 
prodigious  breadth  of  the  hairy  wing-fringes.  To  this  family 
of  very  small  moths  belong  the  following  : 

(5)  Several  species  of  Gelechia  (Fig.  1 5 5 )>  the  larv9e 
which  are  very  destructive  to  seeds  and  grain  :  they  are 


plump,  whitish  or  pinkish,  with  brown  head,  and  often  with 
small  brown  spots  and  blotches  on  the  body. 

(6)  Several  species  of  Tinea  (Fig.  156),  chiefly  destructive 
to  woollen  clothes,  furs,  feathers,  carpets,  etc.,  but  sometimes 
also  to  dried  provisions.  Tinea  pellionella ,  L.,  has  the  fore 
wing  yellowish  with  a  few  indistinct  darkish  flecks,  and 
the  hind  wing  shimmery  white  or  grey ;  the  larva  constructs 
a  case  for  its  protection.  Tinea  biselliella ,  Hummel,  has  the 
fore  wing  pale  yellow  without  flecks,  and  the  hind  wing  white. 
Tinea  tapetzella ,  L.,  has  the  basal  third,  or  more,  of  the 
fore  wing  black,  and  the  rest  grey  and  white,  the  hind  wing 
being  light  grey  ;  the  larva  prefers  carpets,  blankets,  and 

upholstery  to  clothes. 
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With  all  these  lepidopterous  meal  and  grain  pests  the 
damage  is  done  by  the  larva  (caterpillar)  which  not  only 
eats  the  stuff  but  also  weaves  the  detritus  into  its  web  and 
cocoon,  so  that  badly  infested  flour,  for  instance,  is  converted 
into  flocculent  tufts  resembling  raw  cotton.  With  the  clothes- 
moths  also  the  damage  is  done  by  the  tunnelling  and  riddling 
of  the  caterpillars. 

The  damage  done  by  caterpillars,  as  also  by  beetles,  that 
infest  grain,  meal,  etc.,  is  mainly  a  matter  of  pecuniary 
concern,  but  the  medical  officer  of  health  has  often  to  decide 
upon  the  fitness  of  insect-damaged  provisions  for  food.  In 
this  connection  it  must  be  remembered  that,  apart  from  any 
possible  fouling  and  toxification  of  the  food-material,  the 
insects  themselves  may  be  infected  with  parasites  that,  quite 
conceivably,  might  be  injurious  to  man  or  domestic  animals. 
For  instance,  in  some  samples  of  a  cargo  of  figs  infested 
with  Carpophilus  hemipterus  that  were  sent  to  the  London 
School  of  Tropical  Medicine  for  examination,  almost  every 
beetle  examined  was  found  to  be  richly  infected  with  a 
Microsporidian  parasite.  This  is  an  aspect  of  the  matter 
that  is  worth  considering. 

The  treatment  of  infested  storehouses,  warehouses,  etc., 
is  a  large  economic  problem,  with  which  the  medical  officer 
does  not  want  to  be  mixed  up.  Ordinary  methods  of 
fumigation  may  spoil  the  market  value  of  the  grain.  One 
ancient  general  truth,  however,  the  medical  officer  will  do 
well  to  remember :  it  is  immemorial  in  India  and  may 
have  been  known  to  Joseph  and  his  officers  :  it  is,  that  insects 
cannot  live  in  grain  that  is  so  packed  and  stored  as  to  exclude 
air  completely. 
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Orders  Orthoptera,  Xsoptera,  Corrodentia5  and  Thysanura. 

The  Orthoptera  (dpdd?  =  straight,  i.e.y  in  respect  of  the 
fold  of  the  wings,  and  irrep6v  =  wing)  have  mouth-parts 
formed  for  biting  (Fig.  157).  The  front  wings  are  stiff,  and 
form  covers  or  tegmina  (Lat.  tegmen  =  a  cover)  for  the  hind 
wings.  The  hind  wings  are  membranous,  with  radiating 
veins  connected  by  short  cross-veins  to  form  a  network,  and 
when  closed  they  lie  in  longitudinal  folds,  like  a  fan. 


Fig.  157. — Moutli-parts  of  Cockroach. 

Numerous  species  have  no  wings,  or  only  rudiments  of  them 
There  is  no  abrupt  metamorphosis ;  the  young  resemble 
the  adult,  except  in  the  absence  of  wings,  which  appear  as 
buds  at  an  early  moult  and  gradually  increase  in  size  in  the 
course  of  successive  moults. 

The  Order  embraces  earwigs,  cockroaches,  praying- 
mantises,  stick-insects,  leaf-insects,  grasshoppers,  locusts,  and 
crickets.  It  is  a  large  one,  and  includes  many  insects  that 

are  terribly  destructive  to  vegetation.  It  is  of  hardly  any 
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direct  importance  to  the  medical  officer;  but  indirectly  it 
concerns  him,  since  in  districts  where  the  population  is 
immediately  .dependent  on  agriculture,  the  damage  done  to 
growing  crops  by  visitations  of  locusts,  as  of  other  insect 
pests,  may  cause  scarcity,  which  may  bring  in  its  train  the 
usual  famine  diseases,  or  that  lessened  resistance  which 
Colonel  Clifford  Gill,  I.M.S.,  has  shown  to  be  a  factor  of 
no  small  weight  in  the  struggle  against  endemic  malaria. 

The  Orthoptera  are  usually  grouped  in  two  suborders, 
namely  (i)  Cursoria  (Lat.  cursor =  a  runner),  in  which  the 
hind  legs  differ  but  little  from  the  other  legs;  and  (2) 
Saltatoria  (Lat.  saltare  =  to  leap),  in  which  the  hind  legs  are 
longer  and  usually  much  stouter  than  the  other  legs,  and  are 
used  for  leaping. 


Fig.  158.— Head  and  Tarsus  of  Hemimerus,  enlarged. 

Suborder  CURSORIA. 

This  suborder  includes  five  families,  namely,  earwigs,  the 
curious  parasite  Hemimerus ,  cockroaches,  praying-insects, 
and  stick-  and  leaf-insects. 

Family  Forficulidce :  Earwigs  forfcula  =  a  pair  of  small  shears). 
Earwigs  are  easily  recognised  by  the  pair  of  strong  pincers  at  the  end 
of  the  abdomen.  The  tegmina  are  short,  and  the  wings  are  packed  in  a 
peculiar  manner,  being  folded  first  lengthways  like  a  fan,  and  then 
again  crossways  in  reversed  folds.  In  a  good  many  earwigs  the  wings, 
and  in  some  the  tegmina  also,  are  absent.  Earwigs  gnaw  flowers  and 
fruit,  but  they  are  also  carnivorous.  An  Indian  species  with  very  long 
pincers  has  been  seen  to  use  these  organs  for  carrying  prey.  A 
tape-worm  of  rats  (which  also  occurs  in  man  occasionally)  has  been 
found  in  its  cysticercus  stage  in  an  earwig  ;  and  among  the  common 
intestinal  parasites  of  the  earwigs  an  elegant  Gregarine  ( G .  ovata)  may 
be  mentioned. 

Certain  earwigs  can  inflict  a  wound  that  causes  considerable  irrita¬ 
tion  :  this  is  said  by  Baer  to  be  the  case  with  the  American  Doru 
lineare ,  and  also,  according  to  Dr  Yale  Massey,  with  the  African 
Dicra?ia  frontalis. 

Family  HemimeridcB.  The  one  or  two  West  African  species  that 
constitute  this  family  look  something  like  wingless  cockroaches,  but 
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the  coxse  are  small  ;  there  are  only  3  tarsal  segments,  and  these  have 
hairy,  sucker-like  pads  on  the  under  surface  ;  the  head  is  not  indexed, 
and  the  mouth-parts  (Fig.  158)  are  peculiar.  The  abdomen  ends  in 
a  pair  of  long,  unsegmented  filaments  (anal  cerci )  like  those  of  a  cricket. 
Hemimerus  talpoides ,  from  tropical  West  Africa,  is  parasitic  on  a  rat 
( Cricetomys ),  and  is  further  peculiar  in  bringing  forth  its  young  alive. 

Family  Blattidce  (Lat.  blatta  —  a  beetle).  This  family 
includes  the  cockroaches,  of  which  there  are  many  species 
besides  the  familiar  kitchen  pests.  Cockroaches  are  dis¬ 
tinguished  by  their  flat  body  and  strongly  deflexed  head, 
and  by  their  large  coxae,  which  completely  cover  the  weak 
sterna  of  the  thorax.  In  both  sexes  segmented  anal  cerci 
are  present,  though  in  some  cases  they  are  small  and  con¬ 
cealed  ;  and  the  males  also  have  a  pair  of  anal  styles.  The 
adults  may  be  either  winged  or  wingless.  The  eggs  are 
laid  in  chitinous  capsules  shaped  something  like  a  bean  ;  but 
viviparous  Blattidae  are  known.  The  usual  domestic  species 
are  the  dark-coloured,  almost  black  Periplaneta  orientalis 
the  lighter  coloured  reddish  Periplaneta  americana ,  and  the 
small  Phyllodromia get manica.  The  habits  of  these  nocturnal 
insects  are  only  too  well  known.  They  seem  to  eat  every¬ 
thing  ;  but  they  do  more  damage  in  warm  countries  than 
they  do  in  England,  where  they  seldom  leave  the  moisture 
and  warmth  of  cellars  and  culinaria.  Though  no  specific 
charge  has  been  brought  home  to  the  domestic  cockroach, 
it  is  quite  reasonable  to  infer  from  the  habits  of  the  insect 
that  in  its  contact  with  food  and  utensils  it  sometimes  must 
be  an  agent  of  infection.  L.  Nicholls  in  the  Windward 
Islands  has  observed  cockroaches  feeding  on  the  scabs  and 
ulcers  of  lepers.  Longfellow  has  shown  that  they  may 
harbour  pathogenic  bacilli  both  on  their  feet  and  in  their 
intestine :  and  Barber  in  the  Philippines  states  that  they 
may  become  infected  with  plague  bacilli.  On  the  other 
hand,  the  cockroach  is  said  to  have  almost  a  predilection 
for  bed-bugs  as  prey.  Where  cockroaches  are  a  nuisance, 
their  haunts  may  be  treated  with  creosote,  or  powdered 
naphthalin,  or  dilute  formalin,  which  are  more  lasting  in 
their  effects  than  insect-powder ;  or  they  may  be  trapped 
— the  “Demon”  trap  being  an  excellent  instrument;  or 
they  may  be  poisoned,  borax  alone  or  mixed  with  sugar 
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being  infallible.  If  they  are  an  overwhelming  nuisance 
sulphur  fumigation  may  be  necessary.  The  intestine  of 
the  cockroach  is  the  home  of  several  interesting  Protozoa 

and  worms. 

Family  Mantidce  —  a>  soothsayer).  The  Mantids, 

or  Praying-insects,  are  recognised  by  the  peculiar  form 
and  hypocritical  poise  of  the  front  pair  of  legs  ;  these  are 
much  enlarged,  and  in  repose  are  folded  and  uplifted  as  if 
in  prayer ;  in  action,  however,  they  are  formidable  instru¬ 
ments  for  striking  and  grasping  prey,  the  tibia  closing  on 
the  femur  as  the  blade  of  a  pocket-knife  shuts  on  its  shaft, 
and  the  opposed  surfaces  of  both  tibia  and  femur  being 
sharply  serrated.  The  prey  consists  of  soft  insects,  such 
as  flies,  which  are  devoured  struggling.  The  eggs  are  laid 
in  capsules  or  in  spumous  masses  attached  to  leaves  and 
twigs.  Mantids  often  show  most  wonderful  deceptive 
resemblances  in  colour,  and  also  sometimes  in  form,  to  plant- 
life,  such  as  lichens,  leaves  in  their  various  phases,  and 
flowers.  It  is  stated  in  the  Cambridge  Natural  History 
that  in  Melbourne  a  common  local  species  of  Mantid  is  kept 
on  window-blinds  to  catch  flies.  It  must  be  remembered, 
however,  that  Mantidse  do  not  naturally  frequent  houses, 
although  they  live  and  breed  quite  well  in  captivity.  In 
the  tropics  young  Mantises  can  easily  be  bred  up  from  the 
egg  (by  any  one  wishing  to  domesticate  them  as  fly-catchers) 
by  keeping  them  in  a  cage  with  a  rotting  banana:  the 
banana  in  this  state  nourishes  first  in  the  maggot  form,  and 
then  in  the  adult  form  suitable  to  the  tiny  Mantises,  an 
unceasing  stream  of  minute  Muscoid  flies. 

Family  Phcismidce  =  a  phantom)  :  Stick-insects.  The  insects 

of  this  family  can  be  told  by  their  wonderful  resemblance  to  pieces 
of  dry  stick  and  thorny  stalks,  but  some,  as  the  females  of  the  leaf- 
insects  (which  also  belong  to  this  family),  exactly  simulate  leaves. 
There  are  some  wingless  grasshoppers  and  some  bugs  ( Rhynchota)  which 
also  resemble  pieces  of  stick  ;  but  the  former  can  be  discriminated  by  the 
fact  thatthe  elongation  of  the  thoraxis  contributed  chiefly  by  the  prothorax, 
and  the  latter  are  at  once  recognised  by  their  beak.  The  eggs  of  stick- 
insects  resemble  seeds,  and  are  said  usually  to  be  scatteied  ;  but  there 
is  a  species  found  in  Calcutta  that  lays  its  eggs  in  a  neat  double  row  on 
leaves.  Some  of  the  stick-insects  have  wings,  others  are  wingless. 
These  insects  feed  on  vegetation.  Some  Phasmidce  are  said  to  be  able 
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to  eject,  from  glands  situated  in  the  thorax,  an  acrid  fluid  which,  if  it 
gets  into  the  eye,  may  cause  blindness. 

Suborder  Saltatoria. 

In  this  suborder  the  hind  legs  are  enlarged  for  leaping,  and  organs 
for  the  production  and  also  for  the  perception  of  sound  are  usually 
present.  The  suborder  includes  three  families  :  Acridiidcz,  or  short- 
antenna  grasshoppers  ;  Locustidcz ,  or  long-antenna  grasshoppers  ;  and 
Gryllidcz ,  or  crickets  and  mole-crickets  ;  but  these  families  are  not  so 
sharply  separated  from  each  other  as  are  the  families  of  Cursoria. 

Family  Acridiidcz  (Aicpls  =  a  locust):  Locusts  and  Short  -  antenna 
Grasshoppers.  Among  the  Saltatoria  the  members  of  this  family  are 
distinguished  by  the  following  combination  of  characters  : — The  antennse 
are  comparatively  short,  consisting  of  less  than  30  segments  ;  the  tarsi 
consist  of  only  3  separate  segments  ;  and  in  the  female  there  is  no 
projecting  ovipositor.  Moreover,  the  auditory  drums  lie  in  the  1st 
abdominal  segment,  just  behind  and  above  the  articulation  of  the 
hind  legs.  The  chirping  of  these  grasshoppers  is  usually  performed 
by  rubbing  the  inner  surface  of  the  hind  femur— where  there  is  a  row 
of  small  pegs — against  the  outer  surface  of  the  tegmen  or  front  wing — 
where  there  is  a  prominent  sharp-edged  vein  ;  and  this  apparatus, 
though  not  confined  to  the  male,’ is  peculiarly  well  developed  in  that  sex. 
The  name  “  locust  ”  is  applied  to  about  half  a  dozen  species  of  large 
Acridiidcz  that,  in  many  parts  of  the  world,  periodically  swarm  and 
migrate,  either  in  the  adult  form  by  flight,  or  in  the  earlier  wingless 
stage  on  foot.  The  female  Acridiid  lays  her  eggs  in  inspissated  masses 
in  holes  dug  in  the  soil  with  the  hardened  end  of  her  abdomen. 

Family  Locustidcz  (Lat.  locusia  =  a  locust)  :  Long-antenna  Grass¬ 
hoppers.  It  must  be  remembered  that  the  destructive  migratory 
“  locusts  55  do  not  belong  to  this  family,  the  members  of  which  though  in 
the  main  herbivorous  are  not  exclusively  so.  In  the  Locustidcz  the 
antennae  are  extremely  long  and  slender,  consisting  of  many  more  than 
30  segments  ;  the  tarsi  are  composed  of  4  distinct  segments  ;  and 
the  female  usually  possesses  a  long,  sabre-shaped  ovipositor.  The 
auditory  drums  when  present  (or  the  chinks  that  lead  to  them)  are  to  be 
found  in  the  tibiae  of  the  front  pair  of  legs.  The  trilling  of  these  grass¬ 
hoppers  is  made  by  rubbing  the  bases  of  the  tegmina,  or  front  wings, 
together,  one  tegmen  having  a  file  of  teeth  on  its  inner  surface,  the 
other  having  its  inner  margin  sharpened  to  act  as  a  scraper.  It  is 
usually  only  the  male  that  is  musical.  Dr  R.  Howard  brought  to  the 
London  School  of  Tropical  Medicine,  from  an  island  in  Lake  Nyassa, 
a  specimen  of  Enyaliopsis  petersii ,  one  of  the  ugly  wingless  species  of 
Locustidcz ,  stating  that  it  has  the  reputation  of  either  g'iving  a  bite  or 
exuding  a  fluid  that  causes  extensive  superficial  inflammation  and 
vesication. 
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Family  Gryllidce  (Lat.  gryllus  =  a  cricket)  :  Crickets.  The  species 
of  this  family  are  dingy-coloured  insects  with  tegmina,  or  anterior  wings, 
closely  fitted  to  the  back  and  sides  of  the  body.  The  antennae  are 
generally  long  and  slender  ;  the  tarsi  usually  have  3  segments,  but 
sometimes  2  or  4  ;  and  the  female  usually  possesses  a  long  awl- 
shaped  ovipositor.  The  auditory  drums,  and  the  chirping  mechanism 
of  the  male,  agree  with  those  of  the  Locustidce.  The  anal  cerci  are 
long  and  unsegmented,  and  often  the  tips  of  the  wings  are  rolled  up,  and 
project  beyond  the  body  like  an  additional  pair  of  cerci. 


Order  ISOPTERA:  Termites. 

(Gr.  lg'o^  —  equal,  or  alike,  and  7TTe/)oV  =  wing.) 

This  Order  includes  the  single  family  of  Ternutidce , 
or  so-called  “  white  ants,”  which  by  some  authors  are  with 
good  reason  ranked  with  the  Orthoptera.  Though  on  account 
of  their  similar  social  organisation  they  are  persistently 
called  “ants,”  they  have  —  beyond  their  common  ties  as 
insects — no  connection  with  the  true  ants. 

The  termites  are  soft-bodied  social  insects  which  may,  or 
may  not,  have  caducous  wings,  both  pairs  of  wings,  when 
present,  being  of  equal  size,  membranous,  and  much  longer 
than  the  body.  All  3  segments  of  the  thorax  are  distinct, 
and  the  abdomen  consists  of  10  segments,  and  ends  in  a  pair 
of  small  cerci.  Metamorphosis  is  “  incomplete.” 

Termites  live  in  organised  polities,  or  “colonies,”  which 
are  lodged  either  in  mound-like  structures  coated  with 
hardened  clay,  or  in  clay-lined  passages  (“  galleries  ”)  tunnelled 
in  or  on  dead  trees,  stumps,  and  the  woodwork  of  houses,  in 
warm  countries.  Some  species  make  nests,  attached  to  the 
trunks  or  branches  of  trees.  They  do  not,  in  the  ordinary 
way  of  life,  leave  home,  but  work  under  cover  and  in 
darkness ;  although  there  are  some  species,  the  workers  of 
which  have  eyes,  and  come  out  into  the  daylight.  In  some 
parts  of  the  world  the  colonies  are  enormously  prolific,  and 
their  mounds  are  so  large  and  so  extensive  as  to  resemble 
native  villages. 

The  multitude  of  the  full-grown  individuals  of  a  typical 
termite-polity  are  blind,  wingless  forms  (male  and  female)  in 
a  state  of  arrested  sexual  development,  and  are  known  as 
workers.  Besides  these  ordinary  workers  the  population 
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includes  (i)  a  considerable  number  of  workers  with  enormous 
heads,  known  as  soldiers ,  and  (2)  a  pair — or,  perhaps,  some¬ 
times  more  than  one  pair — of  sexually  developed  individuals, 
male  and  female,  known  as  king  and  queen ,  which  are  the 
parents  of  the  colony.  The  queen,  at  least,  is  lodged  in  a 
special  chamber,  where  she  is  attended  by  workers  and 
becomes  a  mere  stationary  engine  for  producing  eggs  :  she 
may  live  for  years,  and  her  abdomen  becomes  enormously 
distended  until  it  has  something  the  appearance  of  a  fair¬ 
sized  potato. 

Besides  workers  and  soldiers  and  the  royal  parents,  the 
colony  also  contains  a  great  number  of  larvce  in  all  stages  of 
development — the  issue  of  the  queen.  Many  of  these,  of 
course,  are  destined  to  become  workers  and  soldiers ;  but  a 
great  number  of  them  develop  into  sexually  mature  winged 
males  and  females ,  and  these  periodically  leave  the  colony  in 
prodigious  streams.  In  India  the  flights  usually  occur  about 
sunset,  in  the  early  part  of  the  rainy  season.  The  great 
majority  of  these  winged  individuals  perish  at  once,  being 
devoured  by  the  multitude  of  birds  and  bats  that  are  waiting 
on  them.  As  to  those  that  do  not  immediately  perish, 
beyond  the  fact  that  they  soon  alight  and  cast  their  wings, 
the  fate  is  problematical.  Some  are  devoured  by  lizards, 
cockroaches,  etc.  Some,  it  is  said,  may,  if  they  happen  to 
fall  near  their  own  parent  colony,  be  captured  by  wandering 
workers  and  be  carried  off  forthwith  to  become  royalties  in 
a  new  colony,  or  even  in  the  colony  which  they  have  just 
left.  It  is  also  said  that  males  and  females  may  couple  and 
may  form  the  nuclei  of  new  colonies  without  any  assistance 
from  chance  workers,  and  it  is  only  reasonable  to  suppose 
that,  in  nature,  new  colonies  must  sometimes  originate  in 
this  way.  In  the  case  of  a  common  Calcutta  species  I  have 
several  times  taken  a  coupled  pair  and  have  kept  them  in 
suitable  surroundings,  but  have  never  succeeded  in  raising 
the  beginnings  of  a  colony  from  them,  though  this  has  been 
done  by  Mr  Bainbrigge  Fletcher  in  Coimbatore. 

With  some  species  of  termites  there  occur  other  castes  of 
sexually-arrested  individuals,  in  addition  to  ordinary  workers 
and  ordinary  soldiers  ;  and  in  some  cases  a  certain  number 
of  larvae  are  kept  in  such  a  condition  that  by  appropriate 
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treatment  (probably  by  special  feeding)  their  reproductive 
organs  may  develop  if  anything  should  befall  the  royal 
parents.  Such  larvae  while  still  in  the  potential  stage  are 
known  as  reserve  royalties ,  and  when  they  become  functional, 
as  substitution  royalties . 

Termites  keep  their  nests  and  galleries  very  clean ;  the 
cast  skins  and  the  dead  are  eaten  ;  even  the  excrement  is 
made  use  of,  being  eaten  until  its  nutriment  is  exhausted  and 
then  worked  into  plaster  for  the  galleries,  or,  according  to 
Mr  Bainbrigge  Fletcher,  for  the  cultivation  of  the  spongy 
fungus  so  constantly  found  in  the  galleries.  The  young 
termites  are  at  first  fed  on  saliva,  afterwards  on  regurgitated 
food  or  on  excrement  that  is  still  nutritious.  Many  different 
kinds  of  insects  live  as  commensals  in  termite  colonies. 
Snakes  also  are  much  addicted  to  hiding  in  termitaria ;  and 
according  to  Bainbrigge  Fletcher  more  than  one  Indian 
species  of  P hlebotomus  makes  use  of  termitaria  as  a  day- 
retreat. 

The  ravages  of  termites  in  tropical  countries  are  notorious, 
everything  in  the  form  of  wood  or  vegetable  fibre  is  eaten, 
and  large  beams  of  timber  may  be  demolished  unnoticed, 
only  a  deceptive  “  shell  ”  being  left.  The  entire  woodwork  of 
a  house  may  be  destroyed,  and  unprotected  railway-sleepers 
may  be  honeycombed  as  soon  as  they  are  laid.  On  the 
other  hand,  in  the  general  economy  of  tropical  nature  these 
insects  play  a  necessary  part  in  bringing  dead  timber  back 
into  the  living  stream  of  energy. 

In  out-of-the-way  places  a  medical  officer  is  sure  to  be 
consulted  as  to  the  protection  of  buildings,  etc.,  from  the 
attacks  of  termites.  Certain  kinds  of  timber  are  distasteful 
to  termites  :  in  India,  sal  and  teak  have  and  deserve  this 
reputation.  Probably  other  kinds  of  equally  hard,  dense, 
aromatic  wood  are  equally  resistant.  One  of  the  cheapest 
and  most  effective  deterrents  is  petroleum  residue  (“  blue 
oil”),  applied  without  stint.  For  buried  timber,  tarring,  or 
impregnation  with  a  strong  solution  of  the  cheaper  metallic 
salts  (e.g.  mercury  and  copper),  or  even  superficial  charring, 
may  be  recommended. 

A  fine  account  by  Smeathman  of  one  of  the  African 
species  of  termites  is  to  be  found  in  the  Philosophical  Trans- 
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actions  of  the  Royal  Society  for  1781,  vol.  lxxi.,  pp.  60-85. 
Smeathman  states  that  from  the  periodical  swarms  of  winged 
males  and  females  that  leave  the  nest,  future  kings  and 
queens  are  captured  by  casual  workers  and  “  are  elected 
kings  and  queens  of  new  states.” 

Order  EMBIIDA. 

This  Order  includes  one  small  family  of  small  insects — the  Embiidce — 
which  somewhat  resemble  a  slender  termite  and  are  sometimes  included 
in  the  same  Order  with  the  termites,  or  with  the  Orthoptera .  The  wings, 
when  they  are  present,  are  like  those  of  termites  in  form  and  in  being 
all  alike,  but  they  are  not  caducous,  and  they  have  a  peculiar  imperfect 
venation.  The  species  are  found  in  sheltered  places,  under  stones,  on 
bark,  in  wood  and  thatch,  etc.,  and  they  spin  webs  for  protection. 


Fig.  159. — “  Book-louse,”  from  dried  fish. 


Order  CORRODENTIA  :  Book-lice. 

(Lat.  corrodere  —  to  gnaw.) 

This  Order  stands  for  a  single  family,  the  Psocidce  (?  Gr. 
xjswXo$  =  dust),  which  are  sometimes  included  in  the  Isoptera 
and  sometimes  in  the  Orthoptera. 

Book-lice  (Fig.  159)  are  soft-bodied,  and  for  the  most 
part  exceedingly  minute  insects,  so  named  because  certain 
species  are  commonly  found  in  old  books,  eating  the  binding. 
They  are  also  frequent  pests  of  entomological  collections, 
feeding  not  only  upon  the  lining  of  the  trays  but  also  upon 
the  specimens,  and  they  will  sometimes  attack  dried 
provisions. 
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The  head  and  eyes  are  (relatively)  large,  and  the  antennae 
are  long  and  very  slender  :  the  mouth-parts  are  formed  for 
biting.  The  thorax  usually  appears  to  consist  of  2  segments. 
Metamorphosis  incomplete.  In  the  winged  species  both 
pairs  of  wings  are  membranous,  the  anterior  pair  being  the 
larger,  and  the  veins  are  sinuous  and  prominent,  the  cross¬ 
veins  being  few. 

Many  Psocids  live  in  moss,  lichen,  the  bark  of  trees,  etc., 
and  some  of  these  protect  themselves  and  their  eggs  with  a 
web.  Books  can  be  protected  from  book-lice  by  painting 
with  a  spirit  solution  of  perchloride  of  mercury  ;  creosote  will 
protect  entomological  collections. 


—  Cvj 


Fig.  160. — Fisli  Insect. 


Order  THYSANURA:  Bristle-tails  (Fig.  160). 

(Gr.  Oucravo?  =  tassel,  and  ovpd  =  tail.) 

In  the  zoological  scheme  this  Order  is  placed,  along  with 
the  next  Order,  Collembola ,  at  the  bottom  of  the  Class  Insecta. 
The  members  of  both  Orders  are  small,  wingless  insects, 
and  some  of  them  seem  to  have  rather  close  affinities  with 
some  of  the  Myriapoda. 

The  Order  is  named  from  the  two  or  more  long  antenna¬ 
like  filaments  that  project  from  the  last  abdominal  segment. 

The  Thysanura  are  fragile,  wingless  insects  of  no  great 
size,  and  they  have  no  post-embryonic  metamorphosis  :  the 
antennse  are  long  and  are  composed  of  a  multitude  of 
segments,  and  the  abdomen  consists  of  io  visible  segments. 
They  are  common  in  damp  and  dark  places,  particularly 
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in  the  tropics.  The  Silver  fish-insect,  Lepisma ,  is  a  good 
example  of  the  Order — an  active  little  insect,  covered  with 
silvery  scales,  which  hides  among  books  and  papers :  a 
common  Calcutta  species  of  Lepisma  certainly  feeds  on 
these  things,  and  also  on  cloth. 

Order  COLLEMBOLA  :  Springtails  (Fig.  161). 

(Gr.  KoWa  —  glue,  and  Z/nfioXos  =  a  peg.) 

The  insects  of  this  Order  are  named  from  the  coarse  tube  which  pro¬ 
jects  from  the  ventral  surface  of  the  ist  abdominal  segment,  and  is 


supposed  to  be  adhesive.  Their  popular  name  of  Springtails  is  derived 
from  the  existence,  in  many  of  them,  of  a  pair  of  long,  stiff  filaments, 
placed  near  the  end  of  the  body  and  flexed  under  the  abdomen — the 
sudden  extension  of  which  produces  a  jump. 

The  Order  includes  minute,  wingless  insects  which  do  not  go  through 
any  metamorphosis.  The  antennae  have  few  (4  to  6)  segments,  and  the 
legs  have  no  tarsus.  Springtails  are  found  in  damp  places  on  land,  and 
some  are  aquatic  both  in  fresh  water  and  in  the  sea.  They  are  said  to 
be  common  on  snow,  and  uncommon  in  dry  and  hot  regions. 

We  have  now  done  with  all  those  Orders  of  insects  that 
include  species  which  the  medical  officer  is  justified  in 
regarding  as  detrimental  to  health,  and  with  certain  related 
Orders  that  may  be  classed  as  inert;  but  we  have  still  to 
notice  several  Orders  that  include  species,  outside  any  of 
the  foregoing  Orders ,  which,  in  any  or  every  active  stage  of 
their  existence,  are  predaceous  upon  other  kinds  of  insects. 

No  doubt  predaceous  insects  deal  impartial  damage  to 
friend  and  foe,  and  the  view,  sometimes  strongly  advocated, 
that  they  are  all  tried  friends,  to  be  grappled  to  the  medical 
officer’s  soul  with  hooks  of  steel,  is  somewhat  optimistic. 


CHAPTER  XXVII 

Stone-flies,  Mayflies,  Dragonflies,  Ant-lions,  Scorpion- 

flies,  Caddis-flies 

Order  Plecoptera  :  Stone-flies. 

(Gr.  7r\eKo$  —  plaited,  and  irrepov  =  wing.) 

A  SMALL  Order,  containing  only  one  family,  Perlidce ,  closely 
related  to  the  Orthoptera.  The  larvae  are  aquatic,  and 
metamorphosis  is  “  incomplete.” 


Fig.  162.— Young  aquatic  Larva  of  Perlid,  enlarged. 


The  body  is  Orthoptera-like :  all  3  thoracic  segments 
are  distinct ;  the  abdomen  is  composed  of  10  segments  and 
usually  ends  in  a  pair  of  long,  jointed  cerci ;  the  antennae  are 
long,  slender,  and  many-jointed :  the  hind  wings  are  much 
larger  than  the  front  wings,  and  fold  like  a  fan ;  but  the  front 
wings  are  membranous,  not  stiff  like  those  of  Orthoptera. 
When  the  wings  are  folded  the  front  wings  lie  one  above  the 
other,  so  that  only  one  of  them  is  seen.  The  mouth-parts 
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are  of  the  biting  kind,  but  are  weak,  sometimes  even 
membranous.  The  coxae  are  small,  and  wide  apart. 

The  eggs  are  extremely  numerous  and  are  shed  in  water. 
The  larva  (Fig.  162)  much  resembles  the  adult,  except  for 
the  absence  of  wings  and  for  the  presence,  in  many  cases, 
of  three  pairs  of  filamentous  gill-tufts,  one  tuft  behind  the 
base  of  each  leg.  The  larvae  are  usually  found  in  rapid¬ 
flowing  water,  under  stones,  and  they  are  carnivorous ;  from 
their  usual  situation  they  are  not  to  be  regarded  as  at  all 
common  enemies  of  mosquito-larvae,  though  the  question 
whether  they  may  be  inimical  to  Simulium  larvae,  which  also 
live  in  coursing  water,  deserves  attention.  In  an  aquarium 
where  of  course  the  larva  of  Simulium  is  rather  impotent — 
Perlid  larvae  certainly  feed  on  Simulium  larvae. 


Order  Ephemerida  :  Mayflies. 

(Gr.  ecprifAepos  =  living  but  a  day.) 

This  Order  contains  a  single  family,  the  Ephemerida — 
delicate  insects  that  in  the  adult  winged  phase  exist  but 
a  few  hours,  a  day  or  two  at  the  utmost;  but  which  as 
aquatic  larvae  have  a  life  of  considerable  duration. 

The  adult  Ephemerid  has  filmy  net-veined  wings,  of 
which  the  hind  pair  are  very  much  smaller  than  the  front 
pair,  or  may  even  be  absent.  The  eyes  are  large,  especially 
in  the  male,  in  which  sex,  in  some  species,  each  eye  may  be 
divided  into  two  distinct  organs.  The  antennae  are  short, 
and  are  composed  of  1  or  2  stoutish  segments  and  a  slender 
style.  The  mouth-parts  are  vestigial  and  functionless,  since 
the  transient  existence  is  devoted  entirely  to  reproduction, 
and  no  food  is  taken  ;  but  the  digestive  tube  is  present  and, 
being  filled  with  air,  acts  as  a  balloon.  The  mesothorax, 
as  in  other  insects  of  sustained  flight,  is  the  chief  component 
of  the  thorax.  The  front  pair  of  legs  are  particularly  long, 
especially  in  the  male.  The  abdomen  consists  of  10  seg¬ 
ments,  and  ends  in  two  or  three  extremely  long  filamentous 
cerci,  which  at  sight  distinguishes  these  insects  from  midges. 
The  adult  Ephemerid  shortly  after  it  has  flitted  from  its 
nymphal  case  casts  its  skin,  even  the  skin  covering  the  wings, 
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and  is  the  only  insect  that  is  known  to  moult  after  reaching 
sexual  maturity. 

The  eggs  are  numerous,  and  are  shed  into  water.  The 
larva  (Fig.  163)  has  long,  filamentous  or  feathery  anal  cerci, 
and  soon  develops  numerous  tracheal  gills  on  the  sides  of 
some  of  the  abdominal  segments  ;  these  gills  are  commonly 
broad  leaves,  but  are  sometimes  feathery,  and  are  sometimes 
protected  by  a  special  cover.  The  larvse  are  found  in  water 
of  all  kinds ;  some  swim  actively  by  means  of  their  long 
feathery  caudal  filaments,  others  adhere  to  stones,  and  others 
burrow  in  the  mud.  Some  of  the  free-swimming  forms  are 


carnivorous,  and  have  been  proved  by  experimental  observa¬ 
tion  to  be  destructive  to  mosquito-larvae. 

Order  Odonata  :  Dragonflies. 

(Lat.  odonatus  —  with  buskins  of  felt.) 

Dragonflies  are  of  interest  for  us,  since  both  as  adults  and 
in  the  aquatic  larval  stage  they  are  highly  voracious  of  other 
insects,  and  the  aquatic  larvae  of  one  large  group  of  dragon¬ 
flies — the  Agrionince  (Fig.  164) — are  among  the  most  active 
enemies  of  mosquito-larvae. 

The  order  includes  two  families  of  insects  having  an 
elongate  body,  an  extremely  mobile  head,  large  eyes,  incon¬ 
spicuous  antennae,  and  four  long,  rather  narrow,  stiff,  trans¬ 
parent,  net-veined  wings  of  nearly  equal  size.  Metamorphosis 
is  “incomplete,”  though  the  aquatic  larva  and  nymph  are  a 
good  deal  unlike  the  adult 
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The  mouth-parts  are  well  formed  for  biting.  The  wings 
are  peculiar  in  being  set  back  well  clear  of  the  legs,  and  in 
having  a  sort  of  flaw,  or  nodus ,  near  the  middle  of  the  front 
edge.  The  legs,  as  a  rule,  are  short  and  slender,  and  are 
closely  fringed  or  felted  with  fine  spinules ;  they  are  hardly 
used  for  progression,  the  insect  being  above  everything 
aerial. 

The  eggs  are  laid  in  or  near  water  in  which  the  larva  is 
hatched.  The  larva  (Fig.  164)  has  a  most  curious  hinged, 
prehensile,  and  usually  elongated  labium,  known  as  the  mask , 
which  in  repose  is  shut  back  like  a  carriage-step  and  in 
action  is  shot  out  like  an  arm  to  capture  living  prey.  The 
typical  dragonfly  larva  breathes  chiefly  by  the  rectum, 
which  is  furnished  with  tracheal  papillae,  or  with  distinct 
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tracheal  gills :  water  is  inhaled  into  the  rectum,  and  after  use 
is  expelled  with  sufficient  force  to  propel  the  animal  forwards  ; 
or  the  rectum  with  its  gills  may  be  rhythmically  protruded 
into  the  water.  In  one  group  of  dragonflies — the  Agrionince 
— the  larva  (Fig.  164)  has  three  very  large  tracheal  gills  at 
the  end  of  the  abdomen ;  these  also  act  as  a  powerful  fin. 
The  larvae  are  found  in  the  same  places  as  mosquito-larvae, 
and  the  actively  swimming  Agrionince  devour  the  latter 
freely. 

The  advanced  larva,  or  “  nymph,”  often  has  a  broad,  squat 
abdomen,  quite  unlike  that  of  the  adult. 

Dragonflies  are  usually  to  be  seen  hawking  flies  and 
other  insects  about  ponds  and  streams,  or  in  damp  places. 

There  are  two  families  in  this  order,  namely,  (1)  the 
Libellulidce ,  or  dragonflies  proper,  in  which  the  hind  wings 
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are  slightly  larger  than  the  front  wings,  and  the  wings  in 
repose  lie  horizontal  and  more  or  less  extended  ;  and  (2)  the 
Agrionidce ,  or  demoiselle-flies,  in  which  the  hind  wings  are 
the  same  size  as,  or  slightly  smaller  than,  the  front  wings, 
and  the  wings  in  repose  are  laid  backwards  and  lie  vertically. 

Order  Neuroptera. 

(Gr.  vevpov  =  a  fibre  or  nerve,  in  allusion  to  the  great 
number  of  nervures,  or  veins,  in  the  wings,  and  irrepov 
—  wing). 

The  N europtera  include  the  Alder-flies,  Snake-flies,  Ant- 
lions,  Mantis-flies  (which  are  not  to  be  confused  with  the 
Praying  Mantids),  Aphis-lions  or  Lacewings,  and  several 


other  families  that  have  no  vernacular  names.  Some  of  the 
latter  resemble  dragonflies,  from  which,  however,  they  can 
be  distinguished  by  their  longer  antennae  and  by  the  wings 
not  having  the  break  {nodus)  in  the  front  margin. 

In  this  order  the  mouth-parts  are  formed  for  biting,  and 
both  adult  and  larva  are  rapacious ;  there  are  two  pairs  of 
transparent  net-veined  wings  of  equal  size,  or  the  posterior 
pair  slightly  the  smaller ;  the  antennae  are  conspicuous ;  and 
the  metamorphosis  is  “  complete.” 

The  Alder-flies  ( Sialidce )  and  the  Snake-flies  ( Rhiphidiidce ) 
are  almost  restricted  to  the  northern  hemisphere.  In  both 
families  the  wings  in  repose  lie  sloping  over  the  body,  as  in 
moths,  and  their  veins  are  not  so  numerous  as  to  form  a 
fine  lacework  ;  and  the  antennae  are  long  and  slender.  The 
males  of  some  of  the  alder-flies  have  enormous  mandibles. 
In  the  snake-flies  the  prothorax  and  back  part  of  the  head 
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are  elongated  to  form  a  long  “  neck,”  and  the  female  has  a 
long  ovipositor.  The  larva  of  the  alder-flies  is  aquatic,  and 
most  of  the  abdominal  segments  carry  a  pair  of  segmented, 
fringed  gill-filaments  (Fig.  165);  it  returns  to  land  to  pupate. 

The  Ant-lion  flies  ( Myrmeleonidce )  are  not  unlike  dragon¬ 
flies,  but  the  antennae  though  short  are  conspicuous  and 
clubbed,  and  the  hind  wings  are  decidedly  smaller  than  the 
front  wings.  The  larvae  (Fig.  166)  are  known  as  ant-lions  : 
they  have  enormous  mandibles,  which  are  grooved  and  so 
adapted  to  the  maxillae  as  to  form  tubes ;  they  dig  beauti¬ 
fully  symmetrical  pitfalls  in  dry  soil,  at  the  bottom  of  which 
they  lie  concealed,  to  seize  and  suck  dry  with  their  powerful 
grooved  mandibles  any  unwary  insect  that  may  fall  in. 


The  Ascalaphidce  also  are  like  dragonflies,  but  are  dis¬ 
tinguished  by  their  long  antennae  ending  in  a  knob.  The 
larvae  are  quite  like  ant-lions,  but  do  not  make  pitfalls. 

The  N emopteridce  are  recognised  by  their  extremely  long, 
narrow,  oar-shaped  or  racquet-shaped  or  filamentous  hind 
wings.  Their  larvae  are  like  ant-lions. 

The  Mantis-flies  ( Mantispidce )  resemble  small  mantises, 
having  the  same  elongate  prothorax  and  the  same  raptorial 
fore  legs  for  striking  and  grasping  insect  prey ;  but  they 
may  be  distinguished  by  the  wings,  which  are  subequal  in 
size  and  alike  in  consistence — the  hind  wings  also  not  folding 
like  a  fan  in  repose.  The  eggs  of  Mantispidce  are  stalked. 

The  Lacewings  or  Aphis-lions  {Chrysopidce)  are  delicate 
insects  with  long  antennae,  four  filmy  net-veined  wings,  and 
(in  life)  shining  golden  eyes.  The  eggs  are  attached  to 
leaves,  etc.,  by  very  long  stalks.  The  larva  has  enormous 
mandibles  like  an  ant-lion,  and  feeds  on  aphids. 

The  Coniopterygidce  are  tiny  Neuroptera  somewhat 
resembling  the  males  of  some  of  the  bark-lice  ( Coccidce )  upon 
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which  they  feed.  The  wings  are  not  net-veined,  and  the 
posterior  pair  are  extremely  small. 

So  far  as  one  can  see  behind  the  veil,  the  order  N europtera 
is  directly  beneficial  to  man,  though  it  is  not  known  that  any 
particular  Neuropteron  is  hostile  to  any  specific  pathogenic 
insect. 

Order  MECOPTERA :  Scorpion-flies. 

(Gr.  jjLyjKo^  —  length,  and  7rre/ooj/  =  wing.) 

A  small  order  of  insects,  consisting  of  one  small  family — 
P  anorpidce — closely  related  to  the  N europtera. 

The  head  is  produced  downwards  into  a  long,  stout  beak, 
which  bears  the  mouth-appendages  at  its  tip.  The  antennae 
are  long  and  slender.  There  are  usually  two  pairs  of  long, 
rather  narrow,  membranous  wings,  which  have  numerous 
long  veins  but  only  a  moderate  number  of  cross-veins ;  some 
species  are  wingless.  In  the  males  of  Panorpa  the  terminal 
segments  of  the  abdomen  are  narrowed  and  are  carried  aloft 
aggressively  like  the  “  tail  ”  of  the  scorpion.  The  larva  has 
ordinary  biting  mouth-parts,  true  segmented  legs  on  the 
thoracic  segments,  and  stumpy  legs  (pseudopods)  on  most 
of  the  abdominal  segments.  Both  adult  and  larva  are 
carnivorous. 


Order  TrichopterA:  Caddis-flies. 

(Gr.  rpixos  —  hair,  and  7TTep6v  =  wing.) 

Moth-like  insects,  very  closely  related  to  Moths  ( Lepidop - 
tera ),  found  near  water.  There  are  two  pairs  of  wings,  which 
are  covered  with  fine  hair,  the  hind  pair  being  the  larger. 
The  mouth-parts  have  the  form  of  a  short  sucking-tube  which 
is  formed  by  the  labrum,  labium,  and  maxillae  ;  the  maxillary 
and  labial  palps  are  conspicuous.  The  antennae  are  thread¬ 
like  and  are  sometimes  very  long. 

The  larvae,  known  as  caddis-worms,  are  aquatic,  and 
commonly  live  in  portable  tubes  of  their  own  construction : 
these  are  made  of  all  sorts  of  stuff,  cemented  together  by 
silky  threads — usually  of  bits  of  grass,  or  stick  and  dead  leaf, 
sometimes  of  small  stones,  shells,  or  grains  of  sand  ;  they  are 
generally  open  at  both  ends,  so  that  currents  of  water  for 
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breathing  may  pass  through,  breathing  being  usually  carried 
on  by  lateral  abdominal  gill-filaments.  Caddis-worms  are 
found  in  water  of  all  kinds:  most  of  them  are  herbivorous, 
but  some  of  those  that  live  in  rapid  streams  are  carnivorous  ; 
these  last  construct  fixed  retreats  and  spin  webs  for  snaring 
their  prey,  which  may  consist  among  other  things,  of  the 
larvae  of  Simulium. 


Fig.  167. — Larva  of  Rhyacophilus. 


CHAPTER  XXVIII 


The  Class  Arachnida,  and  the  Order  Acarina 

The  Arachnida  (apaxi’W  —  a  spider)  are  a  much  more  diversi¬ 
fied  group  than  the  Insects,  and  from  the  strictly  medical 
standpoint  are  less  important.  They  differ  from  all  other 
Arthropoda  in  not  having  antennse. 

Some  Arachnida  live  in  the  sea  or  in  fresh  water,  and 
some  of  these  aquatic  forms  breathe  by  gills  ;  but  the  majority 
of  the  Class  are  terrestrial  and  breathe  air  direct,  sometimes 
by  tracheae  of  a  sort,  sometimes  by  the  general  surface  of 
the  body,  and  in  the  case  of  many  of  the  larger  forms  by 
structures  known  as  “  lung-books  ” — structures  resembling 
“  dry  ”  gills,  which  are  enclosed  in  pockets  that  open  on  the 
ventral  surface  of  the  abdomen. 

In  some  Arachnida,  for  instance  the  Mites  and  Ticks,  the 
segmentation  of  the  body  is  obliterated  ;  but  in  the  typical 
members  of  the  Class  the  segments,  or  many  of  them,  are 
distinct,  and  are  grouped  in  two  regions,  namely,  a  cephalo- 
thorax  that  carries  the  true  appendages,  and  an  abdomen 
that  has  either  no  appendages  at  all,  or  only  such  as  have 
been  modified  out  of  ordinary  recognition. 

The  true  appendages  are  never  more  than  six  pairs.  The 
first  pair,  or  chelicerce ,  lie  in  front  of  the  mouth,  and  the 
second  pair,  or pedip alps,  are  placed  one  on  either  side  of  the 
mouth  ;  both  are  diversely  modified.  The  remaining  append¬ 
ages — usually  four  pairs,  but  in  the  gall-mites  only  two  pairs 
— are  legs. 

Eyes  when  present  are  always  simple,  and  vary  in  number 
from  two  to  twelve. 

The  mouth  is  a  chink,  since  most  Arachnida  live  on  the 
juices  of  animals  or  plants.  In  some  forms  the  bases  of  some 
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of  the  legs  are  modified  to  act  as  “jaws”  for  helping  to 
squash  prey,  or  for  closing  the  vestibule  of  the  mouth.  The 
alimentary  canal  is  not  convoluted,  but  the  digestive  and 
absorbent  surface  may  be  increased  by  numerous  paired 
diverticula,  or  gastric  pouches.  The  anus  is  ventral  and  sub¬ 
terminal.  In  the  terrestrial  Arachnida  excretory  Malpighian 
tubules  open  into  the  hinder  part  of  the  gut  as  in  insects, 
but  additional  excretory  glands  opening  on  the  coxae  of  the 
legs  may  also  be  present. 

Some  Arachnida  are  viviparous,  but  the  majority  lay 
eggs.  The  reproductive  organs  usually  open  ventrally  at  the 
anterior  end  of  the  abdomen.  As  a  rule  the  young  resembles 
the  parents,  but  in  the  ticks  and  their  kind  the  young  differs 
from  the  adult  in  having  only  three  pairs  of  legs,  and  does 
not  acquire  the  fourth  pair  until  after  the  first  moult. 

Existing  Arachnida  are  grouped  in  the  following  eleven 
Orders,  only  four  of  which,  namely,  the  Acarina ,  Scorpiomdea , 
Araneida ,  and  Solifugce,  need  be  further  considered. 

Order  i  :  Pycnogonida.  Marine  Arachnida  with  a  slight  superficial 
resemblance  to  Spiders.  They  are  found  at  all  depths,  from  the  tide- 
marks  to  the  abysses  of  the  ocean. 

Order  2  :  Xiphosura ,  or  King-crabs.  Large  marine  Arachnida  with 
the  cephalothorax  and  its  appendages  enveloped  in  a  horseshoe-shaped 
carapace,  a  roughly  pentagonal  abdomen  carrying  leaf-like  appendages 
to  which  the  gill-books  are  attached,  and  a  long  post-anal  spine.  They 
are  found  in  muddy  shoal  water  on  the  Atlantic  coast  of  America  and 
on  the  shores  of  Southern  and  South-eastern  Asia. 

Order  3  :  Scorpionidea ,  p.  333. 

Order  4  :  Pedipalpi.  Arachnida  which  have  a  general  resemblance 
to  Scorpions,  but  differ  in  having  the  pedipalps  not  chelate,  or  only 
imperfectly  so,  the  first  pair  of  legs  antenna-like,  the  post-abdomen  or 
“tail”  either  very  much  attenuated  or  altogether  absent,  and  no  post- 
anal  spine.  They  are  predaceous,  chiefly  on  insects,  and  are  found  in 
the  Oriental,  Ethiopian,  and  Neotropical  regions. 

Order  5  :  Araneida;  Spiders,  p.  336. 

Order  6  :  Palpigradi.  Minute  Arachnida  with  some  resemblance  to 
tiny  spiders,  but  differing,  inter  alia ,  in  having  an  elongate  1 1 -segmented 
abdomen,  ending  in  a  long,  segmented,  filiform  “tail.” 

Order  7  :  Solifugce ,  p.  339. 

Order  8  :  Pseudoscorpionidea j  Book-scorpions.  Small  Arachnida 
resembling  small  scorpions  without  a  “tail.”  They  live  under  bark, 
stones,  etc.,  and  are  sometimes  found  in  houses.  They  are  predaceous 
on  flies  and  other  small  insects. 
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Order  9  :  Phalangidea ,  or  Opiliones.  Arachnida  that  resemble  and 
are  commonly  mistaken  for  very  long-legged  spiders  ;  but  differing 
from  spiders  in  having  the  abdomen  (which  is  segmented)  broadly 
united  to  the  cephalothorax,  and  the  chelicerse  chelate. 

Order  10  :  Acarina ;  Mites  and  Ticks. 

Order  11:  Tardigrada j  Bear  -  animalcules.  Minute  aberrant 
Arachnida  that,  when  they  are  noticed  at  all,  are  mistaken  for 
mites.  The  only  appendages  are  four  pairs  of  stumpy,  unsegmented 
legs.  They  may  be  found  among  herbage,  and  under  flower-pots,  etc., 
in  gardens. 

From  the  medical  standpoint  the  only  Order  of  outstanding  interest 
is  the  Acarina ,  which  will  therefore  be  taken  first. 


Order  ACARINA:  Mites  and  Ticks. 

(Gr.  aKapi  =  a  mite  or  tick.) 

The  members  of  this  large  Order  are  for  the  most  part 
minute ;  many  of  them  are  parasitic  on  animals  and  plants  ; 
many  are  predaceous.  Except  in  one  small  family — the 
OpiliocaridcE — which  is  doubtfully  included  in  the  Order,  the 
body  is  not  visibly  segmented,  but  is  commonly  a  roundish 
or  oval  mass,  sometimes  without  any  distinction  even  of 
regions,  but  sometimes  showing  a  more  or  less  perfect 
division  of  cephalothorax  and  abdomen.  In  one  group  the 
body  is  elongate  and  almost  worm-like.  The  anterior  end  of 
the  body  usually  forms  with  the  chelicerse  a  sort  of  beak  or 
rostrum. 

The  appendages  exhibit  a  good  deal  of  diversity,  and 
in  one  family  (gall-mites)  the  legs  are  reduced  to  two  pairs. 
The  chelicerce  which  are  exsertile  are  sometimes  needle-like, 
more  often  chelate  or  pincer-like,  and  sometimes  grapnel-like  ; 
they  are  used  for  piercing,  biting,  or  seizing  prey. 

The  mouth  is  generally  a  chink,  deep-seated  at  the  base 
of  the  chelicerse ;  sometimes  the  bases  of  the  pedipalps  are 
united  to  form  a  lip.  In  addition  to  the  chelicerse  other 
mouth-structures  may  exist — in  particular  a  needle-like  or 
rasp-like  “  tongue,”  or  hypostome ,  formed  by  a  prolongation  of 
the  ventral  edge  of  the  “  beak  ”  aforesaid. 

When  special  breathing-organs  are  present  they  have  the 
form  of  trachese. 

The  genitalia  open  ventrally,  sometimes  between  the  last 
pair  of  legs,  or  (as  in  ticks  and  their  kind)  near  the  front 
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end  of  the  body,  or  at  the  after  end  of  the  body.  The  female 
produces  eggs,  generally  in  great  number,  and  the  larva 
usually  differs  from  the  parents  in  having  only  three  pairs  of 
legs ;  after  moulting,  the  larva  becomes  a  nymph  with  four 
pairs  of  legs,  but  still  sexually  immature ;  and  after  another 
moult  the  nymph  is  transformed  into  the  adult.  This 
metamorphosis  may  be  gone  through  directly  and  quickly, 
or  may  be  strangely  modified  and  arrested,  or  may — as  in 
many  ticks — occupy  several  months  if  circumstances  are 
adverse. 

This  Order  is  one  of  very  great  importance  to  the  medical 
officer.  Many  of  the  species  are  troublesome  ectoparasites  of 
domestic  animals  and  man ;  others  live  entirely  on  the  blood 
of  vertebrates  (including  man),  and  incubate  and  disseminate 
various  Haematozoa  dangerous  to  their  hosts ;  others  do 
indiscriminate  damage  to  man’s  stored  provisions ;  and 
others,  again,  may  work  havoc  with  some  of  his  crops. 

The  distinctions  between  the  more  important  families  of 
Acarina  are  shown  in  the  following  table.  The  families  that 
chiefly  concern  the  medical  officer  are  the  Ixodidce ,  Sarcoptidce , 
and  Tyroglyphidce ;  the  T rombidiidce  and  Tarsonemidce ,  and 
perhaps  also  the  Gamasidce  occupy  points  on  the  medical 
horizon ;  but  the  other  families  are  of  no  importance,  further 
than  that  some  of  them  include  numerous  species  which  are 
predaceous  on  other  mites. 


i. 


Synopsis  of  Principal  Fa7nilies  of  Acarina. 

(Based  mainly  on  Banks.) 

A.  Body  not  vermiform,  always  with  four  pairs  of  legs  in  adult  =  I. 

B.  Body  vermiform  (Fig.  185)  with  four  or  two  pairs  of  legs  =  12. 

{Abdomen  composed  of  10  distinct  segments,  each  of  the  first 
4  with  a  pair  of  dorsal  spiracles  (stigmata)  Opiliocaridce. 

Abdomen  not  segmented  =  2. 

Two  pairs  of  stigmata,  one  above  the  third  pair  of  legs,  the  other 
placed  quite  dorsally  above  the  fourth  pair  of  legs 

HolothyreidcE. 

A  pair  of  stigmata,  placed  one  on  either  side  behind  the  coxae  of 
the  fourth,  third,  or  second  legs  =  3. 

l  No  stigmata  in  the  positions  aforesaid  =  5. 

f  Chelicerae  ending  in  a  series  of  strong,  laterally-directed,  hook-like 
J  teeth  Ixodidce. 

Chelicerae  not  ending  in  hooks,  usually  pincer-like  and  exsertile 

=  4* 


2. 
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1 1. 


12. 


Stigmata  behind  the  third  pair  of  legs  Gamasidce. 

Stigmata  behind  the  second  pair  of  legs  ;  the  nymphs  attach 
themselves  to  insects  by  means  of  a  long  viscid  stalk  secreted 
by  adanal  glands  Uropodidce. 

A  pair  of  (usually  club-shaped)  bristles,  projecting  each  from  a 

pore,  or  pseudostigma,  placed  near  each  posterior  corner  of 
the  cephalothorax ;  stigmata  concealed  in  the  leg-sockets  ; 
integument  hard  and  shiny  =  Oribatidce. 

No  such  pseudostigma  and  bristle  ;  integument  softer  =  6. 

Aquatic  mites  (fresh  water  and  marine)  —  7. 

Not  fitted  for  an  aquatic  life  =  8. 

A  large  movable  beak  or  head.  Marine  Halacaridce. 

Beak  small ;  legs  fringed  with  hairs  for  swimming  ;  mostly  fresh 
water  Hydrachnidee. 

Pedipalps  usually  of  4  or  5  segments  ;  the  tarsi  usually  end  in 
claws,  never  in  a  sucker  ;  stigmata  (when  present)  near  bases 
of  chelicerae  =  9. 

Pedipalps  of  3  segments,  more  or  less  adherent  at  base  ;  the  two 
anterior  and  two  posterior  pairs  of  legs  widely  separated  ;  the 
tarsi,  or  some  of  them,  usually  end  in  a  sucker  ;  no  special 
breathing  organs  as  a  rule  =  10. 

Pedipalps  with  an  additional,  subterminal  finger-like  appendix 
(Fig.  177)  T rombidiidcs . 

Pedipalps  with  simple  tip  Bdellidce. 

Pedipalps  compacted  with  the  head  ;  chelicerae  styliform  ;  female 
only  with  a  pair  of  spiracles  at  the  base  of  the  pedipalps,  and 
with  a  pseudostigma  and  club-shaped  bristle  on  each  side  just 
behind1, the l anterior  legs  Tarsoneiitidce. 

Pedipalps  largely  free ;  chelicerae  generally  pincer-like ;  no 
special  breathing-organs  ;  female  without  pseudostigmatic 
club  =11. 

Integument  generally  with  fine  parallel  striae ;  legs  stumpy ; 
parasitic  Sarcoptidce. 

Integument  not  striated  ;  legs  not  stumpy  ;  not  as  a  rule  parasitic 

TyroglyphidcE. 

Pour  pairs  of  very  stumpy  legs  ;  parasitic  in  sebaceous  glands  of 
mammals  DemodicidcB. 

Two  pairs  of  legs  ;  parasitic  on  vegetation  Eriophyidce. 


CHAPTER  XXIX 


The  Ticks 

Family  IXODID.E:  Ticks. 

The  species  of  this  family  are  in  all  stages  of  their  exist¬ 
ence  blood-sucking  parasites  of  vertebrate  animals  ;  and,  as 
with  so  many  other  blood-suckers,  the  evil  that  they  do  is 
not  confined  to  mere  robbery  of  blood  and  infliction  of 
pain,  but  lives  after  them  in  the  form  of  zymotic  contamina¬ 
tion  of  their  victims. 

In  the  IxodidcE  the  body  is  more  or  less  oval,  with  the 
segmentation  and  even  the  distinction  between  cephalothorax 
and  abdomen  obliterated,  though  in  some  species  a  notch 
on  either  side  behind  the  last  pair  of  legs  just  suggests  a 
division  into  these  two  regions.  At  or  near  the  front  end 
is  a  movable  “beak,”  or  capitulum ,  which  consists  of  a 
strongly  chitinised  basal  piece — the  basis  capituli — surmounted 
by  the  pedipalps,  chelicerae,  and  other  mouth-parts. 

The  basis  capituli  is  a  flattened  ring,  which  encircles 
the  bases  of  the  chelicerae ;  the  pedipalps  are  broadly  im¬ 
planted  in  its  sides  ;  dorsally  its  cuticle  is  produced  over  the 
chelicerae  to  form  a  cover  or  “  sheath  ”  for  them  ;  ventrally 
it  is  prolonged  in  the  middle  line  to  form  a  spatulate  rasp — 
the  hypostome . 

Each  chelicera  (Fig.  168)  consists  of  a  long  shaft,  to  the 
distal  end  of  which  are  articulated  two  stoutly  uncinate 
cusps  having  lateral  movement.  The  sheath  of  the  chelicerae 
is  closely  beset  with  rows  of  microscopic  barbules. 

The  hypostome  (Fig.  168),  which  lies  ventral  to  the 
chelicerae  and  is  a  prolongation  of  the  basis  capituli,  is 
armed  on  its  ventral  surface  with  files  of  strong  recurved 
teeth;  it  aids  the  chelicerae  in  boring  through  the  skin  of 
the  victim  and  making  good  the  hold. 
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The  pedipalps  form  an  adjustable  sheath  to  the  more 
delicate  mouth-parts  just  described,  and  frequently  have  their 
inner  surface  concave  for  this  purpose;  when  the  mouth- 
parts  are  in  action  the  pedipalps  are,  as  a  rule,  bent  aside. 

The  integument  may  be  hard,  or  merely  tough,  or  may 
be  comparatively  soft  with  localised  chitinous  indurations  ; 
embedded  in  it  there  are  small  glands,  whose  secretion 
is  possibly  acrid  and  defensive,  and  sparse  hairs. 

On  the  ventral  surface  of  the  body  the  four  pairs  of 
legs  are  attached  by  broadly  sessile  coxae.  Each  leg  consists 
of  6  segments  (including  the  coxa),  of  which  the  last,  or 
tarsus,  is  as  a  rule  incompletely  subdivided  into  two  pieces, 


Fig.  1(58.— Rostrum  of  a  Tick ;  left  half  of  hypostome  removed. 

as  also  may  be  the  3rd  segment,  or  femur ;  the  tarsus  ends 
in  a  pair  of  claws,  which  are  borne  on  a  slender  stalk,  with 
in  some  cases  a  membranous  plate,  or  pulvillus ,  between 
them.  In  the  cuticle  of  the  extensor  border  of  the  tarsus 
of  the  first  pair  of  legs  there  exists  a  narrow-mouthed  pit 
lined  with  sensory  hairs  ;  this,  which  is  known  as  Haller  s 
organ,  was  supposed  by  its  discoverer  to  be  an  organ  of  hear¬ 
ing,  but  has  been  shown  by  Hindle  and  Merriman  to  be 
olfactory. 

The  genital  pore  in  both  sexes  is  situated  in  the  middle 
line,  on  the  ventral  surface,  not  far  behind  the  capitulum. 
Far  behind  it,  in  the  same  line,  lies  the  opening  of  the 
rectum.  The  spiracles  are  placed  on  conspicuous  stigmata 
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which  lie  behind  and  dorsad  of  the  coxae  of  the  fourth,  or 
the  third  pair  of  legs. 

The  mouth  is  deep  seated  between  the  chehcerae  and 
the  hypostome ;  the  pharynx  is  suctorial  and  leads  by  a 
slender  gullet  to  a  large  stomach,  the  capacity  of  which  is 
increased  by  paired  caecal  pouches.  The  salivary  glands, 
which  are  loosely  racemose,  are  large ;  they  extend  through 
nearly  the  whole  length  of  the  body  on  either  side,  and 
open  near  the  base  of  the  hypostome  ;  their  secretion  is 
supposed  to  be  haemolytic,  and  in  some  cases  seems  to  be 
poisonous. 

The  excretory  organs  consist  of  two  long  Malpighian 
tubules,  which  open  into  the  isolated  hind  part  of  the  gut, 
and  of  coxal  glands  which  open  on  the  front  coxae. 

The  male  tick  is  smaller  than  the  female,  and  is  often 
conspicuously  different  in  other  respects.  In  fertilisation, 
which  may  be  effected  while  the  female  is  attached,  the 
male  inserts  the  spermatophores  with  the  mouth-parts.  The 
eggs  are  laid  in  an  inspissated  mass  on  the  ground,  oviposi- 
tion  being  a  prolonged  affair,  hundreds  or  even  thousands  of 
eggs  being  extruded  with  great  deliberation.  According 
to  Neumann  the  entire  parturition  is  completed  in  the 
Ixodince  in  ten  to  thirty  days.  In  some  cases  (most 
Ixodince)  the  spent  female  dies  at  once ;  in  other  cases  (most 
Argantince)  she  does  not.  The  term  of  incubation  depends 
upon  temperature  very  considerably. 

The  larva  differs  from  the  adult  in  having  only  three  pairs 
of  legs,  no  stigmata,  and  of  course  no  genital  pore.  Much 
yolk  is  occluded  in  its  gut,  on  which  provision  it  can 
exist  for  several  months  without  other  nutriment.  The 
larvae  lie  in  wait  among  grass  and  herbage  for  a 
vertebrate  host.  Should  they  succeed  in  attaching  them¬ 
selves  to  a  host  they  remain  attached  until  they  are  dis¬ 
tended  with  blood,  when,  as  a  rule,  they  drop  off,  and  in 
course  of  time — weeks  or  months,  according  to  season  and 
temperature — they  moult  and  become  nymphs. 

The  nymph  resembles  the  adult  in  having  four  pairs  of 
legs  and  a  pair  of  stigmata,  but  it  has  no  genital  pore.  In 
the  case  of  the  Ixodince  it  waits  about,  in  grass  and  herbage, 
sometimes  for  months  until  an  opportune  host  appears,  to 
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which  it  attaches  itself.  After  satiation  it,  as  a  rule,  leaves 
its  host  again,  and  in  course  of  time — some  weeks  or  months, 
according  to  circumstances — moults  and  becomes  adult. 

In  some  species,  e.g.,  Boophilus ,  and  according  to  Bishop 
and  Woods  some  American  species  of  Dermatocentor—  the 
larva,  when  once  it  has  attached  itself,  completes  its  meta¬ 
morphoses  and  attains  sexual  maturity  on  a  single  host. 
Also,  according  to  Nuttall,  in  Rhipicephalus  evertsi  and 
Hyalomma  cegyptium  the  larva  becomes  a  nymph  without 

detaching  itself  from  its  host. 

Parthenogenesis  is  said  to  occur  among  ticks,  as  among 
other  Acarines :  Aragao  in  Brazil  bred  three  generations  of 
Amblyomma  agamum  through  virgin  females,  and  Nuttall 
observed  the  phenomenon  to  some  extent  in  Rhipicephalus 
bursa. 

Some  ticks  (most  Ixodince)  have,  naturally,  a  short  life 
as  adults,  the  female  shrivelling  up  and  dying  soon  after 
she  has  deposited  her  eggs;  others  (most  Argantina)  are 
comparatively  long-lived,  the  female  producing  batches  of 
gggs  periodically.  But  even  Ixodiuce  are  tenacious  if  the 
normal  tenour  of  their  life  be  checked,  and  may  live  for 
many  months  in  a  state  of  enforced  starvation. 

Ticks  may  be  grouped  in  two  subfamilies — Ixodince  and 
Argantince — which  some  authors  prefer  to  regard  as  distinct 

families. 

Subfamily  IXODIN.T :  Hard  Ticks. 

In  this  subfamily  more  or  less  of  the  dorsum  of  the  body 
is  protected  by  a  chitinous  shield,  or  scutum ,  and  in  the 
males  of  some  species  there  are  chitinous  plates  on  the 
ventral  surface  also.  The  capitulum  is  altogether  anterior, 
being  implanted  in  the  front  end  of  the  body.  Frequently 
the  posterior  border  of  the  body  is  regularly  cut  into  fine 
festoons,  which  are  particularly  distinct  in  the  male.  The 
stigmata  are  large,  and  lie  behind  the  coxae  of  the  fourth 
pair  of  legs.  Eyes,  when  present,  are  situated  on  the  edge 
of  the  scutum.  The  pedipalps,  which  are  rigid  and  form  a 
distinct  sheath  for  the  mouth-parts,  have  the  4th  segment 
sessile  and  vestigial,  so  that  they  appear  to  consist  of  only 
3  segments.  In  the  legs  the  coxai  are  generally  armed 
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with  tubercles  or  spurs,  and  the  tarsi  carry  a  pulvillus  as  well 
as  a  pair  of  claws. 

There  are  certain  constant  grooves  on  the  body  of  a 
hard  tick.  Of  particular  importance,  from  the  taxonomic 
standpoint,  is  the  anal  groove — a  fine  groove,  usually  in  the 
form  of  a  semicircle  with  the  concavity  forwards,  that  half 
encircles  the  anus.  This  groove  is  absent  in  a  few  forms. 

The  female  Ixodine  differs  from  the  male  not  only  in 
being  much  larger  and  more  distensible,  so  that  in  some 
species  when  begorged  she  is  as  large  and  rotund  as  a 
filbert ;  but  also  in  having  a  small  scutum,  which  covers 
only  the  front  end  of  the  body — not  the  whole  dorsum,  as 
it  does  in  the  male ;  and  further  in  the  presence  on  the 
dorsum  of  the  basis  capituli  of  two  round  or  oval  glandular 
depressions  known  as  arece  porosce. 

The  larva  and  nymph  of  the  Ixodince ,  whether  prospective 
female  or  male,  resemble  the  female  in  having  a  small 
scutum.  The  Ixodince  are  fixed  parasites,  the  adult  attaching 
itself  permanently  to  its  host.  When  the  female  is  fertilised 
and  glutted,  and  has  matured  her  eggs,  she  drops  from  her 
host,  delivers  her  eggs,  and  forthwith  dies. 

The  “  hosts  ”  of  Ixodinae  include  land  vertebrates  of  all 
kinds :  man  is  not  often  attacked  by  the  adults,  though  at 
certain  seasons  the  tiny  larvae  may  embed  themselves  in  his 
skin.  One  species  of  Dermatocentor  is  a  true  carrier  of  the 
virus  of  a  disease  dangerous  to  man,  namely  Rocky 
Mountain  Spotted  Fever  ;  but  with  this  exception  the  Ixodince 
are  not  known  to  be  of  any  great  importance  in  human 
pathology,  though  when  they  do  bite  man  the  consequences 
may  be  unpleasant,  and  may  continue  as  indurated  or 
suppurating  sores,  fever,  and  malaise  (Tick-bite  Fever),  or 
even  temporary  paralysis  (Tick  paralysis). 

It  is  among  domestic  animals  that  Ixodine  ticks  work  most  havoc  ; 
not  merely  by  abstraction  of  blood,  though  even  in  that  way  if  they 
attack  in  great  numbers  they  may  do  hurt  ;  but  by  disseminating  several 
species  of  highly  pathogenic  Hcemosporidia.  The  part  played  by  the 
tick  is  in  a  general  way  similar  to  that  played  by  the  Anopheles 
mosquito  in  the  propagation  of  malaria  ;  only  that,  as  in  the  normal 
course  of  things  a  tick  at  any  stage  of  its  development  sticks  to  the  one 
individual  host,  a  tick  feeding  at  a  given  stage  of  existence  on  an 
infected  host  has  no  scope  for  passing  on  the  infection  until  in  the  next 
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stage  of  development,  or  in  the  next  generation,  it  seeks  another  host. 
Very  commonly  a  female  tick  becoming  thus  infected  transmits  the 
infection  to  her  eggs,  so  that  in  due  time  the  larvae  issuing  from  these 
eggs  are  infective.  In  other  cases,  where  the  specific  blood-parasite  has 
a  longer  term  of  development,  the  larvae  hatched  from  infected  eggs  are 
not  infective,  nor  are  the  nymphs  into  which  they  transform  ;  though 
both  larva  and  nymph  are  infected.  Here,  as  Lounsbury  has  shown, 
the  development  of  the  specific  parasite  is  not  complete  until  the 
generation  inheriting  the  infection  has  become  adult,  and  it  is  the  adult 
of  the  next  generation  that  is  infective. 

There  are  other  possibilities,  as  where  a  larva  or  a  nymph  imbibing 
blood  from  an  infected  animal  may  become  infective  in  the  stage 
immediately  following— the  larva  when  it  becomes  a  nymph  ;  the  nymph 
when  it  becomes  adult. 

A  tick  once  infected  appears  to  be  actually  or  potentially  infective 
for  the  rest  of  its  life.  Nuttall  has  found  the  piroplasma  of  malignant 
jaundice  of  dogs  in  a  Hcemaphysallis  after  seven  months5  starvation,  and 
he  thinks  it  possible  that  an  infected  tick  (presumably  inheriting  its 
infection)  may  transmit  the  infection  to  its  offspring  even  though  it  itself 
should  have  fed  on  a  healthy  animal. 

Neumann  divides  the  Ixodince  into  three  tribes,  according  to  the 
amount  of  chitinisation  of  the  ventral  surface  of  the  male,  an  arrange¬ 
ment  which  is  certainly  natural. 


Synopsis  of  Genera  of  Ixodinae. 


i. 


''Anal  groove  arching  forwards  round  the  anus,  or  even  encircling 
it  ;  ventral  surface  of  male  more  or  less  completely  covered 
with  chitinous  plates  ;  no  eyes  ;  pedipalps  of  moderate  length 

Ixodes . 

Anal  grove,  when  present,  arching  backwards  behind  the  anus  ; 
ventral  surface  of  male  either  soft  or  very  partially  chitinised 


2. 


=  2. 


( Rostrum  short  (in  any  doubtful  case  the  4th  coxae  are  particularly 
1  large)  =  3. 

^Rostrum  long  =  7, 

(Second  segment  of  pedipalps  laterally  salient  or  acute  ;  no  eyes  ; 
no  adanal  plates  in  male  Hcemaphysallis. 

Second  segment  of  pedipalps  not  laterally  acute  ;  eyes  present 

=  4- 


4. 

5- 


"Basis  capituli  quadrangular  ;  no  adanal  plates  in  male 

Dermatocentor . 

Basis  capituli  hexagonal  ;  no  adanal  plates  in'  male  ;  4th  coxae 
enormous  Rhipicentor. 

Basis  capituli  hexagonal  ;  adanal  plates  in  male  =  5. 

f  Anal  groove  present  ;  stigmata  comma-shaped  Rhipicephalns. 

\Anal  groove  absent  ;  stigmata  broadly  oval  or  circular  =  6. 
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Two  pairs  of  anal  plates  in  the  male  ;  legs  normal  Boophilus. 
One  pair  of  adanal  plates  in  the  male  ;  some  of  the  segments  of 
the  legs  broadly  expanded,  particularly  in  the  male 

Margaropus. 

Two  pairs  of  adanal  plates  in  male  ;  eyes  present  and  distinct  ; 

stigmata  comma-shaped  Hyalomma. 

No  adanal  plates  in  male  ;  stigmata  broadly  triangular  with  rounded 
angles  =  8. 

Eyes  present  and  distinct  Amblyomma. 

No  eyes  Aponomma. 


Genus  Ixodes,  Latreille  (t  £<»<%  =  a  sticker).  The  anal 
groove  is  conspicuous,  and  arches  in  front  of  the  anus  or 
may  even  encircle  it  completely ;  rostrum  of  fair  length ;  no 
eyes ;  no  festoons ;  venter  of  male  more  or  less  completely 
covered  with  chitinous  plates. 


The  species,  which  number  between  forty  and  fifty,  are  found  in 
all  parts  of  the  world.  The  commonest  is  Ixodes  ricinus  parasitic  on 
domestic  animals  everywhere,  and  sometimes  attacking  man  ;  in  this 
species  the  limbs  of  the  anal  groove  diverge  posteriorly,  the  ist  coxa 
has  a  single  distinct  spine,  there  is  no  subterminal  tubercle  on  the 
tarsus,  and  the  inner  surface  of  the  pedipalps  is  concave  ;  the  develop¬ 
ment  and  metamorphosis  from  egg  to  nymph  are  said  by  Nuttall  to 
take  from  175  to  185  days.  The  following  species  also  are  found  on 
domestic  animals,  and  sometimes  on  man  : — Ixodes  hexagonus  (Europe 
and  America),  has  two  spines  on  the  1st  coxa,  a  subterminal  tubercle  on 
the  tarsus,  and  the  limbs  of  the  anal  groove  parallel  posteriorly.  Ixodes 
cookei  (America)  differs  from  hexagonus  in  having  both  spines  of  the  ist 
coxa  long.  Ixodes  rubicundus  (Cape),  the  limbs  of  the  anal  groove  are 
parallel  posteriorly,  and  there  are  no  spines  or  tubercles  on  the  ist 
coxa.  Ixodes  rasus  (Tropical  Africa),  the  anal  groove  is  a  large  circle. 
Ixodes  holocyclus  (India  and  Australia),  the  limbs  of  the  anal  groove 
converge  to  a  point  posteriorly.  Ixodes  pilosus  (Southern  Africa),  the 
anal  groove  is  horseshoe-shaped. 

Genus  Rhipicephalus,  Koch  (Fig.  169)  (pty  =  basket; 
KepaX)']  =  head).  Body  elongate-oval;  basis  capituli  hex¬ 
agonal  ;  pedipalps  short ;  eyes  present ;  festoons  and  anal 
groove  distinct ;  stigmata  comma-shaped ;  male  with  two 
pairs  of  adanal  plates.  There  are  about  twenty-five  species, 
mostly  African,  but  also  represented  in  South  Europe  and 
the  Oriental  and  Neotropical  regions;  the  majority  of  them 
attack  domestic  animals  freely. 

Rhipicephalus  sanguineus  is  the  most  widely  distributed  species  ; 
the  colour  is  brown  and  the  eyes  are  flat  and  indistinct ;  the  basis  of 
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the  rostrum  is  very  sharply  hexagonal  ;  in  the  male  the  scutum  leaves 
the  edges  of  the  back  uncovered,  and  is  very  unequally  and  irregularly 
pitted.  R.  appendiculatus ,  common  in  Southern  Africa  ;  like  the  pre¬ 
ceding,  but  in  the  male  the  ist  coxa  is  produced  anteriorly  so  as  to  be 
partly  visible  in  a  dorsal  view,  and  a  tail-like  process  at  the  after  end  of 
the  body  is  usually  very  distinct.  R.  bursa  has  nearly  the  same  dis¬ 
tribution  as  R.  sanguineus ,  from  which  it  may  be  distinguished  by  the 
much  more  abundant  pitting  of  the  scutum.  R.  capensis ,  common  in 
Southern  Africa  ;  the  pitting  of  the  scutum  is  so  deep  and  so  close  as 
to  give  a  shagreen-like  appearance  ;  the  scutum  of  the  male  completely 
covers  the  back.  R.  simus ,  common  all  over  Africa  ;  the  scutum  of  the 


chelicerae 


Fig.  169 ,—Rhipicephalus  sanguineus,  male,  ventral  view. 


male  covers  the  whole  back  and  its  pores,  which  are  large  and  uniform, 
are  arranged  in  longitudinal  lines.  R.  fiulchellus, ,  common  in  Eastern 
Africa,  is  distinguished  from  all  the  above  by  the  scutum,  which  m 
the  male  is  milk-white  with  purple-black  markings,  and  in  the  female 
is  almost  entirely  milk-white.  R.  evertsi ,  common  in  Southern  Africa, 
is  distinguished  from  all  the  above  by  the  eyes,  which  are  round  and 
convex  and  lie  in  distinct  orbits  ;  the  legs  are  bright  orange  red. 

Van  Saceghem  has  followed  the  metamorphoses  of  R.  appendiculatus , 
R  capensis,  R.  simus ,  and  R.  evertsi ,  among  other  species.  In  the 
first  two  the  eggs  hatch  in  twenty-eight  days  (summer)  to  several 
months  (winter)  ;  the  larva  if  supplied  with  a  host  becomes  a  nymph  in 
sixteen  to  twenty  days,  but'  can  hold  out  unfed  for  seven  months  ;  the 
nymph  if  supplied  with  a  host  gorges  for  three  to  six  days  and  becomes 
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adult  eig'hteen  days  afterwards,  but  can  live  unfed  for  six  months  ;  the 
adults  have  been  kept  alive  in  the  laboratory  for  more  than  a  year. 
ft.  evertsi ,  which  completes  its  larval  and  nymphal  stages  on  one  and 
the  same  host,  can  as  an  adult  live  for  a  year  independent  of  a  host. 

[Genus  Rhipicentor,  Nuttall  and  Warburton.  One 
species,  R.  gladiger ,  Neumann,  from  the  Congo.  Is,  according 
to  Neumann,  a  Rhipicephalus ,  with  the  4th  coxae  extraordin¬ 
arily  enlarged.] 

Genus  BOOPHILUS,  Curtice  (/3ov$  =  ox;  (piXeiv  — to  love). 
Differs  from  Rhipicephalus  in  having  no  anal  groove  and 
indistinct  festoons,  and  in  the  shape  of  the  stigmata  which 
are  broadly  oval  or  subcircular. 

Neumann  admits  one  species,  B.  annulatus ,  with  six  subspecies  ; 
it  is  one  of  the  commonest  ticks  of  cattle  (also  attacking  other  domestic 
animals)  in  warmer  parts  of  the  world,  and  is  notorious  as  the  principal 
infective  agent  of  bovine  red-water  fever.  The  male  is  minute.  All 
the  metamorphosis,  from  larva  to  adult,  is  completed  on  a  single  host, 
and  the  larva  can  hold  out  for  six  or  seven  months  in  wait  for  a  host. 
According  to  Van  Saceghem  the  eggs  of  the  South  African  subspecies 
hatch,  in  summer,  in  three  to  six  weeks  ;  the  larva  when  it  has  secured 
a  host  takes  three  weeks  to  reach  the  adult  stage  ;  and  the  adult  female 
remains  attached  for  three  or  four  weeks  longer  and  deposits  her  eggs 
a  few  days  after  leaving  the  host. 

Genus  MARGAROPUS,  Karsch  (p.apyapo$  =  a  pearl-oyster; 
7rou9  =  foot).  Differs  from  Boophilus  in  having  the  1st  coxse 
not  bifid,  and  the  femur,  tibia,  and  protarsus  of  the  hind 
legs  broadened — enormously  so  in  the  male.  Neumann  is 
probably  correct  in  regarding  these  differences  from  Boophilus 
annulatus  as  merely  specific.  Only  one  species,  M.  lounsburyi , 
from  South  Africa,  is  known,  its  hosts  being  cattle  and 
horses. 

Genus  HYALOMMA,  Koch  (vaXog  =  clear  ;  o/Auct  =  eye). 
Body  elongate-oval ;  pedipalps  long,  sometimes  only  moder¬ 
ately  so;  eyes  distinct;  eleven  festoons;  stigmata  comma- 
shaped  ;  two  pairs  of  adanal  plates  in  the  male.  There  are 
four  species  distributed  in  Southern  Europe,  Asia,  and  Africa. 
The  commonest,  H.  cegyptium ,  is  found  on  most  domestic 
animals,  and  sometimes  on  man  ;  the  scutum  is  brown,  the  1st 
coxa  is  deeply  cleft,  and  the  adanal  plates  of  the  male  are 
much  longer  than  broad. 
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Genus  AMBLYOMMA  Koch  (d/x^Xu?  =  weak  ;  o/x/xa  =  eye). 
Body  rather  broadly  oval  ;  scutum  often  with  lustrous  metallic 
markings;  pedipalps  long;  eyes  present;  usually  eleven 
festoons ;  stigmata  broadly  triangular  with  rounded  angles. 
Neumann  recognises  seventy-three  valid  species :  they  are 
distributed  throughout  the  warm  regions  of  the  globe  and 
attack  all  kinds  of  land  vertebrates  (birds  rarely). 

The  following  are  some  of  the  species  most  commonly  found  on 
domestic  animals,  some  of  them  also  attacking  man  :  (a)  In  Africa  : 

Amblyomma  variegatum ,  with  convex  eyes  lying  in  distinct  orbits, 
scutum  conspicuously  blazoned  in  burnished  copper.  A.  hebrceum 
(with  varr.  eburneum ,  splendidum ,  and  gemma),  scutum  also  with  a 
burnished  blazon,  but  the  eyes  are  flat  and  flush  with  the  general  surface. 
A.  tholloni ,  with  eyes  flat  and  flush,  and  brown  scutum  devoid  of  any 
marginal  groove,  (b)  In  America  :  Amblyomma  cajennse,  with  eyes 
flat  and  flush,  scutum  of  male  having  about  nine  elongate  yellowish- 
white  spots  and  the  usual  continuous  marginal  groove,  and  ist  coxa 
bearing  two  ’short  spines.  A.  americanum ,  much  like  the  preceding, 
but  the  scutum  is  punctate  over  its  entire  surface.  A.  striatum,  differing 
in  the  sides  of  the  body  being  straight,  the  marginal  groove  not  con¬ 
tinuous  round  the  scutum,  and  the  ist  coxa  bearing  two  long  spines. 
A.  maculatum ,  differing  in  having  a  single  spine  on  the  ist  coxa.  In 
Australia:  Amblyomma  triguttatum,  with  scutum  having  light  spots 
and  its  pores  confluent  in  places,  and  the  margins  of  the  arese  porosae 
of  the  female  raised. 

According  to  Van  Saceghem  Amblyomma  hebrceum  can  exist  without 
a  host  in  the  larval  stage  for  seven  months,  in  the  nymph  stage  for  six 
months,  and  in  the  adult  stage  for  several  months  ;  the  eggs  also  retain 
their  vitality,  in  cold  weather,  for  six  months. 

Genus  APONOMMA,  Neumann  (aVo^o?  =  untroubled  with; 
o/x/xa  =  eye).  Body  subcircular,  at  least  in  the  male;  scutum 
often  with  green  or  golden-yellow  spots  ;  pedipalps  long ;  no 
eyes;  usually  eleven  festoons;  no  adanal  plates  in  the  male. 
The  species,  about  twelve  in  number,  are  found  almost 
exclusively  on  reptiles,  in  the  tropical  parts  of  the  Old 
World  only. 

Genus  DERMATOCENTOR,  Koch  (Sep/ma  =  skin ;  Kevrwp 
=  goader).  Body  elongate,  scutum  often  with  numerous 
large  yellow  spots  or  whitish  reticulations ;  rostrum  short 
with  coarse  pedipalps  ;  eyes  present ;  usually  eleven  festoons  ; 
4th  coxae  very  much  larger  than  any  of  the  others  ;  no  adanal 
plates  in  the  male.  The  species  are  found  in  Europe, 
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Asia,  Africa,  and  America,  and  several  of  them  are  common 
pests  of  domestic  animals. 

Dermatocentor  venustus ,  Banks  (Fig.  170),  is  the  infective  agent  of 
Rocky  Mountain  Spotted  Fever.  The  female  is  said  to  deposit  over 


Fig.  170. — Dermatocentor  venustus  (£). 


5000  eggs,  which  hatch  in  four  to  seven  weeks.  The  larva  is  said  to 
be  able  to  survive  unfed  for  more  than  ten  months,  and  the  nymph  for 
more  than  a  year  ;  so  that  under  persistently  unfavourable  conditions 
the  life-cycle  might  occupy  about  three  years. 

Genus  HAiMAPHYSALLIS,  Koch  (atjuta  =  blood  ;  <pvo-a\\[$ 
=  3.  bladder).  The  species  of  this  genus  can  generally  be 


recognised  by  the  salient  external  angle  of  the  2nd  segment 
of  the  short  pedipalps:  they  are  found  in  all  parts  of  the 
world,  and  many  of  them  attack  domestic  animals. 

H.  punctata  has  been  found  on  mammals  (domestic  and  wild),  birds, 
and  reptiles  in  the  whole  extent  of  the  Palaearctic  region  :  the  outer 
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angle  of  the  2nd  segment  of  the  pedipalps  is  blunt  though  distinctly 
salient.  H.  co?icinna  is  widely  distributed  in  the  Palsearctic  region  and 
has  also  been  found  in  the  Oriental  and  Australian  regions  :  the  outer 
angle  of  the  2nd  segment  of  the  pedipalps  is  sharp  though  coarse,  and 
in  the  male  the  3rd  segment  is  incurved  like  a  claw.  H.  leachu  is  a 
common  African  species,  and  also  occurs  in  the  Oriental  and  Australian 
regions  ;  the  pedipalps  are  broadly  triangular,  the  2nd  segment  has  the 
external  angle  very  acute,  and  also  has  two  spines  or  teeth  ventrally 
on  its  posterior  border  ;  according  to  Lounsbury  the  life-cycle  may  be 
completed  twice  in  one  year. 

Subfamily  Argantin^:  :  Soft-ticks. 

In  this  subfamily  there  is  no  dorsal  shield,  or  scutum  , 
the  capitulum  in  the  adult  is  inferior,  so  that  nothing 
except,  perhaps,  the  tips  of  the  pedipalps — is  visible  in  a 
dorsal  view,  and  it  lies  in  a  shallow  depression  known  as 
the  earner ostome  ;  the  spiracles  are  small,  and  lie  behind  and 
above  the  coxae  of  the  third  pair  of  legs  on  either  side ;  the 
pedipalps  are  not  rigid  and  are  composed  of  4  nearly  equal 
segments  ;  the  legs  are  attached  between  two  low  longitudinal 

folds _ the  supra-coxal  and  sub -coxal  folds ,  on  the  former  of 

which  the  eyes,  when  they  are  present,  are  situated  ;  the 
coxae  are  unarmed,  and  the  pulvillus  is  absent  or  vestigial. 
There  is  no  marked  difference  between  the  two  sexes ;  but 
the  male  is  smaller  and  has  a  semilunar  genital  pore. 

The  Argantinae  do  not,  in  their  adult  stage,  attach  them¬ 
selves  permanently  to  a  host,  but  have  more  the  habits 
of  bed-bugs,  hiding  in  crevices,  and  creeping  out — as  a 
rule  in  the  night-time— to  suck  blood.  They  are  parasitic 
on  birds  and  mammals,  and  several  species  have  acquired 
infamy  by  their  habitual  attacks  on  man  in  certain  parts  of 
the  world,  and  by  the  subsequent  effects  of  their  bite. 

They  do  not,  as  a  rule,  die  as  soon  as  they  have  once 
reproduced  their  species,  but  they  live  and  grow  for  years, 
and  the  female  produces  more  than  one  batch  of  eggs. 

The  larva  when  first  hatched  has  the  capitulum  anterior, 
almost  as  in  the  Ixodinae,  but  later  the  capitulum  becomes 
pushed  into  an  inferior  position  by  the  growth  of  the  fore 
part  of  the  body. 

From  the  medical  standpoint  the  soft-ticks  are  of  greater 
interest  than  the  Ixodinae,  since  they  are  more  definitely 
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human  parasites.  Exaggerated  statements  may,  perhaps, 
have  been  made  regarding  the  intrinsic  danger  of  their  bite 
but  there  is  plenty  of  evidence  that  it  may  be  very  painful, 
and  that  it  often  causes  severe  and  prolonged  irritation,  and 
even  spreading  inflammation  and  suppuration,  so  much  so 
as  to  support  the  belief  that  the  saliva  is  specifically  toxic. 
Several  species  are,  however,  known  to  be  the  ordinary 
agents  in  spreading  the  infection  of  certain  dangerous  or  fatal 
spirochaetous  diseases  of  man  and  birds,  which,  of  course, 
is  a  much  more  serious  matter. 


Synopsis  of  Genera  of  Argantinae. 

1.  Body  in  ordinary  circumstances  flat  with  a  thin  striated  edge  which 

is  defined  by  a  distinct  suture  Argas. 

2.  Body  with  a  blunt  edge  which  is  not  in  any  special  way  differenti¬ 

ated  or  demarcated  Ornithodorus. 

Genus  Argas,  Latreille  (Gr.  apyaq  —  shining).  The  body 
as  a  rule  is  flat  and  more  or  less  oval,  with  a  thin  sharp 
striated  margin,  which  is  defined  by  a  conspicuous  suture. 
General  integument  finely  wrinkled  and  beset  with  small 
chitinous  platelets  more  or  less  distinctly  arranged  in  radial 
lines.  Capitulum  as  a  rule  entirely  inferior  in  adult  and 
nymph.  Coxal  folds  often  inconspicuous.  Eyes  absent. 

Neumann  recognises  eight  species,  two  of  which,  namely, 
A.  persicus  and  A.  reflexus ,  are  common  and  notorious. 


i. 


2. 


3- 

4- 

5* 

6. 


Synopsis  of  Species  of  Argas  (after  Neumann). 

/  Body  elliptical  (sides  curved)  =  2 

l  Body  oblong  (sides  straight),  pointed  anteriorly  =  7 

/  Body  transversely  oval  A.  vesper tilionis  (on  bats  in  Old  World) 
t  Body  elongate  oval  =  3 

f  Margin  of  body  finely  striated  =  4 

\  Margin  of  body  formed  by  quadrangular  areolae  =  A.  persicus 
Body  flat  ;  wrinkling  of  integument  very  plain  =  3 

Body  tumid,  elongate  ;  wrinkling  of  integument  very  fine  ;  coxae 
of  fourth  legs  near  the  anterior  third  of  the  body 

A.  hermanii  (Egypt  and  Abyssinia). 
f  Body  oval,  distinctly  narrowed  anteriorly  A.  reflexus. 

I  Body  elliptical,  blunt  and  hardly  narrowed  anteriorly  =  6. 

Body  twice  as  long  as  broad  ;  basis  capituli  narrowed  posteriorly 

=  A.  cucumerinus  (Peru). 
Body  hardly  longer  than  broad,  basis  capituli  rectangular  and  well 
in  front  of  coxae  of  first  pair  of  legs 

=  A.  transgariepinus  (South  Africa). 
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'Dorsal  integument  with  large  polygonal  depressions;  tarsi  with 
well-marked  dorsal  terminal  protuberance,  giving  an  appear- 
\  ance  of  a  bifid  tip  =  A.  brumptu  (on  man  in  Somaliland). 
Dorsal  integument  almost  smooth  ;  tarsi  not  appearing  bifid 
,  A.  ceqiialis  (German  East  Africa). 


Argas  persicus  (Oken) ;  the  Fowl-tick  (Fig.  172).  The 
body  is  flat,  oval,  and  narrowed  anteriorly ;  general  integu¬ 
ment  finely  wrinkled,  almost  granulous,  with  numerous 
platelets ;  margins  formed  of  rudely  quadrangular  areolae ; 
basis  capituli  broader  than  long.  Found  on  birds,  but 
particularly  on  fowls,  ducks,  geese,  and  turkeys,  in  all  parts  of 
the  world  5  in  Persia  it  is  said  to  attack  man  commonly.  It 
lives  in  cracks  of  walls,  particularly  of  poultry-houses.  It  is 


fatal  to  fowls  by  spreading  among  them  the  specific  spirillum 
of  chicken  cholera ;  but  when  it  attacks  a  fowl  in  force  the 
envenomed  bites  and  the  loss  of  blood  alone  are  sufficient 
to  cause  death.  In  Persia  its  bite  is  feared  by  natives,  and 
is  said  to  be  actually  dangerous  to  foreigners. 

According  to  observations  collected  and  confirmed  by 
Nuttall,  the  eggs  are  laid  in  batches  in  the  cracks  where  the 
ticks  hide,  and  begin  to  hatch  in  about  three  weeks.  The 
larva,  which  has  three  pairs  of  legs  and  an  anterior  capitulum, 
begins  to  feed  at  once  if  it  can,  remaining  attached  to  its 
victim  for  several  days,  like  an  Ixodine.  Bishopp,  in 
America,  states  that  the  average  number  of  eggs  deposited 
by  a  female  is  537  a.nd  that  it  is  possible  for  the  life-cycle  to 
be  completed  in  about  six  weeks.  In  Lounsbury  s  expeii- 
ments  in  South  Africa  the  complete  life-circle,  from  egg  to- 
egg}  occupied  about  ten  months.  A  larva  kept  unfed  dies, 
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according  to  Lounsbury,  within  eight  weeks,  but  unfed 
nymphs  are  said  to  be  able  to  live  for  at  least  a  year,  and 
unfed  adults  for  more  than  three  years. 

Argas  reflexus  (Fabr.).  This  species  differs  from  A. 
persicus  in  having  the  front  end  of  the  body  more  sharply 
narrowed,  the  margin  finely  striated,  and  the  basis  capituli 
as  long  as  broad.  It  is  found  on  poultry,  but  has  a  pre¬ 
dilection  for  pigeons  and  is  a  known  inhabitant  of  pigeon- 
cotes ;  it  also  may  attack  man.  Its  geographical  range, 
according  to  Neumann,  includes  Europe,  North  Africa,  and 
North  and  South  America.  Its  bite  may  be  fatal  to  pigeons, 
and  may  cause  much  local  inflammation  in  man. 

Genus  ORNITHODORUS,  Koch  (opvis  =  a  bird;  Sopo$  =  a 
leather  bag).  Body  either  flattish  or  rotund,  commonly  oval 
or  oblong,  often  with  the  front  end  narrowed  or  pointed,  its 
margin  thick  and  not  specially  defined  in  any  way.  Integu¬ 
ment  mammillose  or  papillose ;  coxal  folds  usually  con¬ 
spicuous  ;  constant  pre-anal  and  post-anal  furrows  present. 
Capitulum  inferior,  but  the  tip  of  the  pedipalps  may  be 
visible  in  a  dorsal  view.  Eyes,  when  present,  two  pairs 
situated  on  the  supracoxal  fold. 

Neumann  recognises  twelve  species  as  valid. 


-{ 


Synopsis  of  Species  of  Ornithodorus  (after  Neumann). 

Hypostome  unarmed  ;  integument  in  nymphal  stage  (and  in  places 
in  the  adult  stage)  spinulose  ;  lateral  constrictions  between 
cephalothorax  and  abdomen  very  distinct  O.  megninii. 

Hypostome  armed  with  recurved  teeth  as  usual  ;  integument  not 
spinulose  =  2. 

Camerostome  with  movable  lateral  flaps  O.  talaje. 

Camerostome  without  such  flaps  =  3. 

Tarsi  and  protarsi  of  all  the  legs  with  usually  three  prominent 
tubercles  on  the  anterior  border  (not  more  than  two  on  the 
protarsus  of  the  fourth  legs)  —  4. 

Tarsi  and  protarsi  of  first  (or  first  two)  pair  of  legs  with  three 
tubercles  on  the  anterior  border  ;  tarsi  alone  of  last  two  pair 
of  legs  with  two  tubercles;  body  pointed  anteriorly;  dorsal 
integument  with  fine  clean-cut  wrinkles  radiating  from  deep 
pits  with  raised  edges  O.  canestnnii  (Persia). 

Distal  segments  of  legs  without  tubercles,  or  with  a  subterminal 
one  on  tarsi  alone  =  8. 

Body  oval,  rounded  anteriorly  =  5. 

Body  pointed  anteriorly  =  7* 
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r Tubercles  of  distal  segments  of  legs  as  broad  as  high,  contiguous 
I  =  O.  pcwimentosus  (Namaqualand). 

I  Tubercles  of  distal  segments  of  legs  higher  than  broad,  distant 

l  =6. 

r  N  0  eyes  O.moubata. 

t  Eyes  present  O.savignyi. 

f  No  eyes  O.turicata. 

7'  \Eyes  present  — '  .  O.coriaceus. 

/"Integument  with  fine  radiating  (rudely  stellate)  wrinkles 
I  O.  lahorensis. 

I  Integument  granulous  =  9- 

f  Tarsi  appearing  bifid  at  tip  O .  furcosus  (Ecuadoi). 

\Tarsi  not  appearing  bifid  at  tip  =  IO* 

r Tarsi  with  a  subterminal  dorsal  tubercle 

I  0.  tholozanii  (South-western  Asia). 

iTarsi  without  such  tubercle  O.  erraticus  (North  Afiica). 


8 


io. 


Ornithodorus  moubata ,  Murray  (Fig.  173).  Body  oval, 
with  the  lateral  notch  between  cephalothorax  and  abdomen 
not  very  conspicuous  ;  integument  mammillose,  very  sparsely 
hairy ;  distal  segments  of  legs  fringed  with  tubercles  on  the 
anterior  border.  This  species  is  very  common  in  Africa, 
harbouring  in  native  huts,  in  cracks  in  the  mud  floors 
and  in  chinks  in  the  walls  and  thatch  ;  as  it  is  said  to  creep 
into  the  natives’  bundles  it  gets  widely  spread  along  the 
highways  of  trade.  Its  bite pcv  sc  is  said  to  be  very  painful, 
and  to  cause  long-lasting  swelling  and  itching ;  but  a  far 
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more  serious  possibility  is  infection  with  the  Spirillum  of 
African  relapsing  fever. 

A  female  tick  becoming  infected  with  this  spirillum  not 
only  becomes  itself  infective  (and  probably  remains  infective 
for  the  rest  of  its  life),  but  it  also  transmits  the  infection  to 
its  eggs  and  so  to  the  next  generation,  and  possibly  to  further 
generations.  The  infection  appears  to  be  communicated  to 
man  not  directly  by  the  bite  but  by  the  excreta. 

The  adult  of  O.  moubata  lives  for  some  years.  The  larva 
on  issuing  from  the  egg  has  four  pairs  of  legs  (Fig.  174). 


Ornithodorus  savignyi (Audouin).  Differs  from  O.  moubata  in  attain¬ 
ing  a  larger  size,  and  having  two  pairs  of  eyes — one  pair  situated  above 
the  first  coxae,  the  other  above  the  second  intercoxal  spaces  ;  the  tarsus 
also  of  the  fourth  pair  of  legs  is  longer  and  slenderer.  It  is  common 
in  many  parts  of  Africa  and  Southern  Asia,  and  seems  to  be  addicted 
to  market-places,  where  it  attacks  cattle  and  horses  as  well  as  man. 
Captain  Foulkes  states  that  in  the  vicinity  of  L.  Chad,  where  it  is 
known  as  “girgidi,”  its  bite  is  dreaded  as  much  as  guinea-worm. 
According  to  Drake-Brockman  and  others  it  transmits  the  spirochasta 
of  relapsing  fever  in  Northern  Africa.  In  some  parts  of  Southern  India 
O.  savignyi  is  associated  with  a  little  crab-spider  which  has  a  deceptive 
resemblance  to  the  tick  itself :  the  spider  certainly  appears  to  obtain 
nutriment  from  the  tick  without  killing  it  immediately. 

Ornithodorus  coriaceus ,  Koch.  Body  blunt-pointed  anteriorly  ; 
integument  with  discrete  mammillate  and  reticulous  areas.  America. 
Attacks  man. 
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Ornithodorus  turicata  (Duges).  Body  elongate-oblong,  with  the 
sides  nearly  parallel  and  the  anterior  end  acuminate.  Tropical 
America.  Attacks  man,  its  bite  causing  suppuration  and  ulceration  : 
is  said  to  be  a  carrier  of  relapsing  fever  in  Colombia. 

Ornithodorus  megninii  (Duges).  Body  rudely  hourglass-shaped  ; 
hypostome  unarmed;  integument  of  larva,  and  also  to  some  extent  in 
adult,  spinulous.  Tropical  and  subtropical  America,  also  in  Africa. 
The  larva  attacks  domestic  animals  and  man.  According  to  Hookei 
the  larva  hatches  in  eleven  days  (in  summer),  and  creeps  into  the  ear 
of  its  victim,  where  in  a  few  days,  without  detaching  itself,  it  becomes 
a  nymph  ;  as  a  nymph  it  may  remain  attached  for  several  months, 
eventually  leaving  the  ear  and  becoming  adult  about  a  week  after¬ 
wards  ;  as  an  adult  it  does  not  feed,  and  the  female  dies  after  dis¬ 
charging  her  eggs.  . 

Ornithodorus  talaje  (Guerin).  Body  elongate-pentagonal,  the  front 
end  forming  a  distinct  point  which  'covers  the  mouth-parts.  There 
are  lateral  movable  lips  to  the  triangular  camerostome.  The  typical 
form  is  found  in  Mexico  and  South  America.  A  variety  is  found  m 
various  islands  of  the  South  Atlantic  and  Indian  oceans.  Another 
variety  is  known  from  Venice  and  the  neighbourhood  of  the  Sea  of 
Aral.  It  attacks  man,  and  its  bite  is  said  to  be  very  painful. 

Nuttall,  with  his  usual  sedulous  care,  has  noticed  the 
measures  that,  in  different  places,  have  been  adopted  against 
these  ticks — Argas  and  Ornithodorus — that  most  annoy  man. 
Fire  is  the  best  method  for  temporary  structures;  and  for 
permanent  buildings  the  free  and  frequent  use  of  powerful 
poisons,  such  as  petroleum,  perchloride  of  mercury,  turpentine, 
etc.,  and  the  application  of  lime-wash  or  hot  tar,  etc.  Infested 
fowls  should  be  isolated  in  crates  and  separately  treated,  and 
the  crates  subsequently  be  burnt. 

Family  Speiyeorhynchim. 

(Gr.  <nrr)\cuos  =  a  cavern  ;  pv 7xos  =  beak.) 

Related  to  the  lxodidce  and  Gamasidce . 

Body  broad  and  flat,  with  a  dorsal  scutum,  and  a  small  sternum, 
or  “  plastron,”  between  the  coxae.  The  capitulum  is  anterior ; 
dorsally  it  is  semicircular  in  outline,  ventrally  it  appears  as  a  cavern 
in  the  depths  of  which  lie  the  chelicerse  and  hypostome.  The  chelicerae 
end  in  lateral  hooks,  but  the  hypostome  is  a  slender  unarmed  style 
Pedipalps  slender,  composed  of  5  segments.  The  anus  is  ventral  and 
subterminal,  and  the  genital  pore  lies  immediately  m  front  of  it.  The 
stigmata  lie  above  and  behind  the  third  pair  of  legs. 

One  species  is  known,  from  a  bat,  in  Pernambuco. 

Neumann  places  this  curious  form  with  the  lxodidce,  separating  it  as 

a  subfamily. 
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CHAPTER  XXX 

The  Mites 

Family  Gamasidce  ;  Insect-mites  (Fig.  175).  The  species  of 
this  large  family  are  quite  like  small  Ixodince ,  but  the 
chelicerse  are  either  chelate  or  styliform  and  are  strongly 


Fig.  175. — Gamasid  Mite,  Lcelaps. 


exsertile ;  the  pedipalps  usually  consist  of  5  segments ;  the 
hypostome  is  styliform,  the  hind  margin  of  the  body  is  never 
festooned ;  eyes  are  never  present,  and  the  spiracles  are 
placed  above  and  behind  the  coxae  of  the  third  pair  of  legs, 
and  commonly  are  produced  into  a  long  spiral  tube. 

Some  of  the  Gamasidce  are  predaceous  on  mites  and 
small  insects  ;  others  are  parasitic,  mostly  on  insects,  but  also 
on  mammals,  particularly  on  bats,  and  on  birds ;  and  certain 
species  live  in  ant-nests.  Raillietia  lives  on  the  ears  of 
cattle  and  horses.  Lcelaps  is  a  common  parasite  of  the  rat. 
Dermanyssus  is  parasitic  on  birds  ;  one  species  (D.  gallince) 
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attacks  fowls,  hiding  in  crevices  by  day  and  emerging  to 
suck  blood  at  night ;  this  and  other  species  of  Gamasidae 
occasionally  attack  man.  Pneumonyssus  is  found  in  the 
lungs  of  monkeys.  Rhinonyssus  occurs  in  the  nasal  cavities 
of  birds.  Of  the  Gamasidcz  found  on  flying  insects,  many, 
it  is  thought,  are  not  truly  parasites,  but  merely  use  the 
insect  as  a  means  of  transport. 

Family  Uropodidce ;  Stalked-mites  (Fig.  176).  Minute 
predaceous  mites  very  much  like  Gamasidce ,  but  having  the 
spiracles  behind  the  second  pair  of  legs.  The  deeply 
retractile,  chelate  chelicerae  are  of  relatively  enormous  length. 
The  nymph  attaches  itself  to  insects,  as  a  means  of  transport, 


Fig.  176.— Uropodid  Mite. 


by  a  long  viscid  stalk  which  is  secreted  by  a  pair  of  adanal 
glands — hence  the  name  of  the  family. 

Family  Trombidiidce.  The  typical  members  of  this 
family  are  large  bright-red  mites,  known  from  the  nature  of 
their  integument  as  Velvet-mites;  their  pedipalps  (Fig.  177) 
are  characteristic.  Many  of  them  are  predaceous  on  other 
mites  and  on  insects,  some  are  parasitic  on  animals,  and 
some,  such  as  the  well-known  “red-spiders,”  are  very 
destructive  to  plants. 

The  larvae  of  Trombidiince  at  certain  seasons  attack  man, 
penetrating  into  the  epidermis  and  giving  rise  to  erythema 
and  intolerable  itching.  These  larvae,  which  are  known  in 
all  parts  of  the  world,  and  in  Britain  are  called  Harvest- 
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mites,  are  microscopic  in  size,  round  or  oval  in  shape,  red 
in  colour,  and  have  three  pairs  of  legs.  They  are  produced 
in  great  numbers  from  eggs  which  have  been  deposited  by 
the  parent  on  the  ground. 

The  best  treatment  for  this  “autumnal  erythema”  is,  if 
the  skin  has  not  been  very  much  broken  by  scratching,  to 
apply  a  lotion  of  lead,  or  weak  perchloride  of  mercury. 
Some  recommend  sulphur  ointment,  or  lysol,  or  vinegar. 

The  disease  known  as  Japanese  River  Fever  is  trans¬ 
mitted  by  the  larvae  of  a  Trombidiid,  the  larvae  being  said 
to  get  the  infection  from  field  mice. 

Family  SARCOPTIM  :  Itch-  and  Scab-mites. 

(Gr.  crap£=  flesh;  Koirrelv  =  to  pierce.) 

This  is  a  notorious  family  of  minute  parasitic  mites,  most 
of  which  live  on  mammals  and  birds,  sometimes  merely 
attaching  themselves  to  the  hairs  or  feathers,  but  often 
burrowing  into  the  epidermis  and  causing  eczematous 
affections  such  as  itch,  mange,  and  scab. 

The  body  is  generally  squat-ovate,  though  sometimes  of 
fantastic  shape,  and  shows  no  division  of  cephalothorax  and 
abdomen  ;  anteriorly  there  is  a  rostrum  formed  chiefly  by  the 
chelicerae,  which  usually  are  chelate,  and  the  short,  3  seg¬ 
mented,  more  or  less  adherent  pedipalps ;  posteriorly  in  the 
male  there  are  usually  suckers  (Fig.  179).  The  cuticle  is 
soft,  finely  striated  transversely,  and  is  produced  at  definite 
points  into  long  stiff  bristles,  or  coarse  spinules.  The  legs, 
which  are  attached  ventrally  by  chitinous  supporting-rods, 
are  stumpy  and  are  arranged  in  two  sets,  two  pairs  being 
placed  near  the  rostrum  and  two  pairs  near  the  hinder  end 
of  the  body ;  the  tarsi,  or  some  of  them,  generally  end  in 

a  sucker. 

Of  the  five  subfamilies  into  which  the  group  is  sub¬ 
divided  the  most  important  from  the  medical  standpoint  is 
that  of  the  Sarcoptince,  or  common  itch-  and  mange-mites. 
The  species  of  this  subfamily  attack  the  epidermis  of  man 
and  the  epidermic  structures  of  mammals  and  birds.  Their 
body  is  round  or  broadly  ovate,  their  cuticle  is  transversely 
striated  and  some  of  their  legs  end  in  a  long-stalked  sucker. 
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In  the  common  itch-mite  of  man,  Sarcoptes  scabiei ,  the  male 
is  only  about  half  the  size  of  the  female,  and  has  suckers  on 
all  the  legs  except  the  third  pair,  the  female  having  them 
only  on  the  first  two  pairs ;  the  third  pair  of  legs  of  the  male, 


and  the  third  and  fourth  pairs  of  the  female,  end  in  a  long 
bristle.  The  female  burrows  down  as  far  as  the  juicy 
Malpighian  layer,  depositing  a  row  of  eggs  as  she  goes,  and 
ultimately  dies  at  the  end  of  the  burrow.  The  eggs  hatch 


in  a  few  days,  and  the  young  are  pushed  up  to  the  surface, 
and  are  set  free  by  the  normal  process  of  proliferation  and 
desquamation  of  the  epidermis.  Pairing  occurs  while  the 
female  is  still  in  the  nymph  stage,  and  when  the  fertilised 
nymph  has  become  adult  she  starts  a  burrow  of  her  own. 
The  irritation  caused  by  the  mites  leads  to  scratching,  such 
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as  Thersites  desired  for  Ajax,  which  increases  the  eczema 
and  also  spreads  the  infection.  The  severity  of  the  inflam¬ 
mation  depends  upon  its  duration  and  on  the  habits  of  the 
patient — whether  cleanly  or  not.  In  a  mild  attack  that  is 
attended  to  at  once,  there  will  only  be  a  few  small  vesicles 
or  pustules  on  the  back  of  the  hand,  near  the  finger-clefts ; 
in  a  neglected  case  in  a  dirty  person  all  parts  except 
the  head  and  face  may  be  affected.  The  parasite  seems 
to  spread  from  one  individual  to  another  solely  by  con¬ 
tact.  Treatment  consists  in  the  free  use  of  soap  and  hot 
water  and  the  liberal  application  of  sulphur  ointment,  con¬ 
tinued  for  several  days.  Some  prefer  baths  of  potassa  sul- 
phurata  (i  oz.  of  the  salt  to  4  gallons  of  water).  Clothing 
and  bedding  should  be  fumigated  with  sulphur,  and  baked. 
There  are  other  species  of  Sarcoptes  that  attack  man  and 
domestic  animals. 

The  genus  Psoroptes  (Fig.  178)  is  distinguished  from  Sarcoptes  by 
having  the  stalk  of  the  suckers  segmented,  and  the  chelicerae  non¬ 
chelate.  One  species  is  a  notorious  cause  of  scab  in  sheep.  According 
to  A.  W.  Shilston  this  mite  completes  its  life-cycle  in  nine  or  ten  days 
the  egg  hatching  in  two  days,  the  larva  becoming  a  nymph  in  two  or 
three  days,  and  the  nymph  becoming  adult  in  three  or  four  days.  The 
life  of  the  fertile  female  on  the  sheep  extends  to  thirty  or  forty  days,  and 
an  unfertilised  female  has  been  kept  alive  on  the  sheep  for  as  long  as 
seven  weeks.  On  scabby  fleece  removed  from  the  sheep  the  eggs  do 
not  as  a  rule  retain  their  vitality  longer  than  ten  days,  and  mites  do  not 
live  longer  than  sixteen  days. 

The  genus  Chorioptes  includes  several  species  that  attack  farm- 
animals  and  cause  mange  and  scab.  In  this  genus  the  body  is  not  so 
squat  as  in  Sarcoptes ,  the  male  has  the  third  pair  of  legs  very  much 
larger  than  the  fourth,  and  the  female  has  suckers  on  the  fourth  pair 
of  legs. 

The  species  of  Otodectes  live  in  the  ears  of  dogs  and  cats,  and  may 
cause  much  suffering.  The  legs  in  this  genus  are  slenderer  than  in 
Sarcoptes,  and  in  the  male  the  third  pair  are  much  larger  than  the 
fourth. 

Cnemidocoptes  is  parasitic  on  birds,  the  species  attacking  and  loosen¬ 
ing  sometimes  the  feathers,  sometimes  the  scales  of  the  legs.  The 
females  are  distinguished  from  those  of  other  itch-mites  by  not  having 
a  sucker  at  the  end  of  any  of  the  legs. 

The  treatment  of  all  these  parasitic  skin  affections  of  domestic 
animals  is  in  principle  the  same  as  that  of  itch  in  man — lotions  and 
dips  of  potassa  sulphurata,  or  of  sulphur  and  lime,  and  greasy  applica¬ 
tions  containing  tar,  sulphur,  precipitate  of  mercury,  or  plain  petroleum. 
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Infected  yards,  stables,  fowl-houses,  etc.,  should  be  thoroughly  washed 
out  with  any  good  insecticide  solution  that  is  available,  and  then  tarred 
or  white-washed. 

The  other  subfamilies  of  Sarcoptidce  are  the  following 

(2)  Canestrmiince.  Parasites  of  beetles  and  other  insects. 

(3)  Analgince;  Bird-mites.  Usually  living  on  the  feathers.  The 
body  is  often  fantastically  shaped.  One  species  is  known  to  have  a 
Hypopus  stage  (see  p.  330),  in  which  it  burrows  into  the  subcutaneous 
areolar  tissue  and  even  into  the  air-passages  of  its  host. 

(4)  Listiophorina.  Parasites  of  bats  and  other  small  mammals. 
The  body  is  curiously  shaped,  and  some  of  the  appendages  are  specially 
modified  for  grasping  the  hairs  of  the  host. 

(5)  Cytolichmce.  Parasitic  on  fowls.  They  resemble  the  itch-mite 
but  have  a  smaller  rostrum.  They  sometimes  burrow  into  the  sub¬ 
cutaneous  areolar  tissue,  and  invade  and  even  obstruct  the  air- 
passages. 

Family  TARSONEMIDAL  A  small  family  of  minute,  soft- 
bodied,  usually  transparent  mites,  mostly  parasitic  on  plants, 
to  which  they  cause  damage.  The  mites  may  creep  on 
to  men  handling  infested  plants,  and  may  give  rise  to 
erythema  and  intolerable  itching,  due  probably  to  some 
venomous  secretion.  In  this  family  the  chelicerae  are 
needle-like,  the  pedipalps  though  distinguishable  are  compact 
with  the  head,  and  the  last  two  pairs  of  legs  lie  well  behind 
the  first  two  pairs  ;  in  the  female  there  is  a  club-shaped  organ 
between  the  first  and  second  pairs  of  legs  on  either  side,  and 
a  pair  of  tracheal  openings  may  be  present  at  the  base  of  the 
pedipalps. 

Of  the  T arsonemidce  one  species,  P ediculoidcs  vcntvicosus , 
has  obtained  notoriety  as  the  cause,  in  certain  circumstances, 
of  a  peculiarly  distracting  kind  of  itch  in  man.  This  mite  is 
normally  parasitic  on  insects,  and  seems  in  many  places  to 
have  a  decided  preference  for  certain  caterpillais,  particularly 
for  the  caterpillars  of  those  Tineid  moths  of  the  genus 
Gelechia  which  infest  corn,  straw,  and  cotton-seed.  In  the 
laboratory  the  caterpillars  can  be  observed  to  succumb  to 
the  attacks  of  the  mites,  and  the  mites  to  multiply  upon  the 
caterpillars  at  a  prodigious  rate.  The  mites  readily  spread 
—and  seem  also  to  adapt  themselves— to  persons  who  come 
in  contact  with  the  infected  corn  (or  straw)  and  cotton-seed, 
and  their  presence  gives  rise  to  a  papular  eruption  which 
itches  most  furiously  and  persistently. 
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The  virgin  female  (Fig.  180)  of  P.  ventricosus  is  about 
•25  mm.  long;  the  legs  are  comparatively  slender,  and  all 


Fig.  181. — Pediculoides  ventricosus ,  female  with  brood-sack. 

but  the  first  pair  end  in  stalked  suckers ;  very  conspicuous  is 
a  pair  of  longitudinal  tracheal  trunks  which  open  at  the  base 
of  the  pedipalps  and  break  up  and  ramify  in  the  after  part  of 
the  body. 
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When  the  female  becomes  gravid  (Fig.  1 8 1 )  the  posterior 
end  of  the  body  expands  as  a  relatively  enormous  globular 
egg-sack,  so  large  that  the  rest  of  the  body  looks  like  a  mere 
appendage  at  one  pole.  At  the  same  time  each  tracheal 
trunk  splits  into  several  strands,  which  ramify  in  the  egg- 
sack  for  the  aeration  of  the  developing  eggs.  Ultimately  the 
egg-sack  becomes  a  brood-sack,  in  whi'ch  the  young  are 
nourished  and  aerated  until  they  are  full  grown  and  adult, 
when  they  break  their  way  out,  the  process  being,  of  course, 
fatal  to  the  mother. 


The  male  (Fig.  182),  which  is  about  -15  mm.  long,  is 
broad  and  squat ;  only  the  second  and  third  pairs  of  legs 
end  in  suckers ;  all  the  coxae  are  broad  ;  the  posterior  end 
of  the  body  is  bilobed  and  festooned;  there  is  no  club-like 
appendage  between  the  first  two  pairs  of  legs,  and  no  trace 
of  tracheae  or  spiracles. 

Family  TYROGLYPHID^E.  (Gr.  rvpos  =  cheese  ; 
yX ucpeiv  —  to  hollow  out.) 

This  family  (Fig.  183)  includes  a  number  of  mites  that 
attack  provisions  and  groceries.  They  are  soft-bodied, 
light-coloured  mites,  usually  with  a  distinct  cephalothorax  ; 
integument  smooth  or  granulous ;  chelicerae  usually  chelate 
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and  projecting  like  a  rostrum ;  pedipalps  small ;  legs  of 
moderate  length,  ending  in  a  claw  and  often  a  sucker ;  in 
the  first  two  pairs  of  legs  there  is  usually  a  clubbed  hair  near 
the  base  of  the  tarsi,  and  a  very  long  hair  near  the  base  of 
the  preceding  joint.  These  mites  eat  almost  anything,  and 
often  do  great  damage  to  dried  provisions,  flour,  grain  and 
other  seeds,  drugs,  hay,  museum  specimens,  entomological 
collections,  etc.  They  multiply  very  rapidly.  The  larva  has 
three  pairs  of  legs,  and  either  proceeds  by  successive  moults, 
in  the  ordinary  way,  to  the  adult  stage ;  or  may,  after 
reaching  the  eight-legged  nymph  stage,  transform  into  a 
quiescent  Hypopus  stage  in  which  it  emigrates  abroad  by 
affixing  itself  to  some  actively  locomotive  insect,  this  being 
effected  by  suckers  situated  at  the  hind  end  of  its  body  on 
the  ventral  surface. 

The  Hypopus ,  which  is  exceedingly  minute,  has  a  hard 
chitinous  integument  and  stumpy  legs :  it  does  not  feed, 
having  the  mouth  and  its  appendages  quite  vestigial.  When 
it  has  been  carried  to  some  suitable  locality,  distant  from  its 
over-populated  birthplace,  it  again  transforms  at  a  moult  into 
a  nymph  and  resumes  the  even  tenour  of  its  development. 
The  “Hypopus  question”  furnished  abundant  material  for 
speculation,  until  Michael  showed  by  experiment  that  it  is 
an  ordinary  alternative  developmental  stage  favourable  to 
the  dispersal  of  the  species. 

The  Tyroglyphidce  may  concern  the  medical  officer  not 
only  by  their  ravages  among  food-stuffs,  but  also  as  some¬ 
times  getting  on  to  people  who  have  to  deal  with  infested 
provisions,  and  causing  the  skin-disease  known  as  grocer’s 
itch.  Occasionally  also  they  or  their  eggs  may  be  swallowed 
in  cheese  or  dried  fruit,  and  if  they  are  numerous  may  cause 
dysenteric  symptoms. 

Some  of  the  species  of  Glycypkagus  have  a  predilection 
for  sugar ;  in  them  the  integument  is  rough,  the  claws  of  the 
legs  are  very  inconspicuous,  and  some  of  the  hairs  of  the  body 
are  feathered. 

Tyroglyphus  includes  the  familiar  cheese-mite,  which  lives 
in  all  sorts  of  provisions  besides  cheese.  The  dorsal  integu¬ 
ment  is  smooth ;  the  cephalothorax  is  separated  from  the 
abdomen  by  a  suture  \  the  pedipalps  are  inconspicuous ;  the 
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legs  end  in  a  distinct  claw  and  a  sucker,  and  the  first  leg  of 
the  male  is  not  thickened. 

The  genus  Aleurobius  (aXevpov  —  flour)  includes  the  single 
well-known  species  A.  farince ,  which  infests  flour  and  grain 
as  well  as  other  provisions.  It  differs  from  Tyroglyphns 
chiefly  in  having  the  pedipalps  quite  distinct  from  the 
rostrum  and  the  first  leg  of  the  male  thickened. 

The  species  of  Carpoglyphus  are  found  in  dried  fruit  and 
jam.  The  integument  is  smooth,  there  is  no  suture  between 
the  cephalothorax  and  abdomen,  and  the  claws  of  the  legs 
arise  from  the  tip  of  a  membranous  extension  of  the 
tarsus. 


Fig.  185. — Demodex 
pliylloides. 

Family  Demodicim:  (Fig.  185). 

The  minute  mites  of  the  one  genus  Demodex  that 
constitutes  this  family  live  in  the  skin  and  sebaceous 
glands  of  mammals.  The  body  is  elongate  and  tapering, 
and  its  hinder  part  is  superficially  ringed  and  almost 
worm-like.  The  appendages  are  stumpy.  The  eggs  are 
of  relatively  enormous  size.  These  microscopic  parasites 
often  do  little  or  no  harm  to  their  hosts,  but  sometimes  they 
are  extremely  prolific  and  give  rise  to  pustules  and  small 
cysts. 

The  mites  of  the  following  nine  families  are  of  no  par¬ 
ticular  importance  from  the  medical  standpoint : — 

Family  Eriophyidce  (. Phytoptidce ).  Minute  mites  that  form  galls, 
blisters,  and  excrescences  on  the  plants  on  which  they  live.  They 


Fig.  184.— Section  of  skin  of  pig  infected  with 
Demodex  pliylloides. 
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resemble  the  Demodicidce  in  general  form,  but  have  only  two  pairs 
of  legs. 

Family  Bdellida :  Snout-mites.  Usually  red  in  colour.  Cephalo- 
thorax  distinctly  delimited  from  the  abdomen  and  bearing  an  eye,  or 
eyes,  at  its  posterior  angles.  The  chelicerse  are  more  or  less  united  to 
form  a  “  snout,”  The  pedipalps  are  often  long  and  elbowed.  The  legs 
are  long  and  slender.  The  Bdellidcz  are  predaceous,  feeding  on  other 
mites  and  on  small  insects  of  all  sorts,  and  are  possibly  useful  to  man. 

Family  Cheyletidce.  Tiny  mites  resembling  Snout-mites,  but  distin¬ 
guished  by  their  massive,  prehensile  (cheliform  or  subcheliform)  pedi¬ 
palps.  They  are  actively  predaceous  on  other  mites. 

Family  Myobiidce :  Mouse-mites.  Small  white  mites  parasitic  on 
small  mammals,  particularly  on  mice.  In  some  respects  they  resemble 
itch-mites  (Sarco ft  tided),  but  the  legs  end  in  claws,  and  in  one  genus 
( Myobia)  the  first  pair  of  legs  are  very  short  and  thick  and  end  in  a  great 
hook,  something  like  the  tarsal  claw  of  a  crab-louse,  for  grasping  hair. 

Family  Hydrachnidce .  Aquatic  mites,  mostly  living  in  fresh  water, 
though  some  are  found  in  brackish  and  salt  water.  The  legs  are  fringed 
with  long  hairs,  for  swimming.  The  adults  are  predaceous  on  small 
aquatic  animals,  including  insect-larvae.  The  larvae  are  commonly 
parasitic  on  aquatic  animals,  sometimes  on  mosquito-larvae.  The  larva 
has  very  small  appendages,  and  as  it  becomes  distended  with  the  juices 
of  its  host  it  looks  like  an  egg. 

Family  Halacaridee.  Marine  mites,  with  a  distinct,  movable  head. 
They  crawl  about  on  seaweeds  and  zoophytes,  and  are  for  the  most  part 
carnivorous. 

Family  OribatidcE.  Mites  with  a  hard,  often  dark-coloured,  beetle¬ 
like  integument.  The  cephalothorax,  which  carries  the  appendages,  is 
generally  distinctly  demarcated  from  the  high,  dome-like  abdomen. 
Near  the  posterior  angle  of  the  cephalothorax,  on  either  side,  there  is  a 
pore,  or  ftseudostigma,  out  of  which  springs  a  stout,  usually  club-shaped 
bristle.  In  one  group  the  cephalothorax  is  movably  articulated  with  the 
abdomen  so  that  the  mite  can  roll  itself  up.  The  species  of  this  family 
are  neither  parasitic  nor  predaceous. 

Family  Holothyreidee.  Mites  as  big  as  lady-birds,  with  a  hard, 
polished  cuticle,  a  scutum  covering  the  whole  dorsum  of  the  body,  and 
long  legs.  At  present  only  known  from  certain  Indo-Pacific  Islands. 

Family  Oftiliocaridce.  This  family  includes  a  few  species  of  long  and 
rather  slender-legged  mites  in  which  the  abdomen  is  composed  of  io 
distinct  segments,  each  of  the  first  4  of  which  has  a  pair  of  dorsal 
stigmata.  According  to  Oudemans,  it  is  still  doubtful  whether  they 
belong  to  the  Acarina  or  not.  Only  three  species  are  known,  from  North 
Africa,  Sicily,  and  Aden, 
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Scorpions,  Spiders,  etc. 

Order  SCORPIONIDEA :  Scorpions. 

Scorpions  are  found  in  all  warm  parts  of  the  world  and  are 
dreaded  for  their  sting,  though  as  they  are  nocturnal  and 
retiring  in  habit  they  do  not  trouble  man  so  much  as  is 
commonly  supposed.  The  sting  is  situated  at  the  tip  of  the 
“  tail,”  and  consists  of  a  strong  spine  with  a  swollen  base  and 


sharp  tip  ;  in  the  base  there  is  a  pair  of  poison  glands,  and 
near  the  tip  there  are  small  openings  like  the  eye  of  a 
needle,  to  give  exit  to  the  poison.  To  bring  the  sting  into 
action  the  “  tail  ”  is  raised  and  bent  forwards  over  the  back 

until  it  projects  in  front  of  the  body. 

The  body  of  a  scorpion  (Fig.  186)  consists  of  two  portions 
— (i)  a  broader  front  portion,  which  is  composed  of  the 
cephalothorax  and  the  7  anterior  segments  of  the  abdomen, 
and  (2)  a  narrower  “  tail,”  or  post-abdomen ,  which  consists  of 
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the  5  posterior  abdominal  segments  and  the  terminal  (post- 
anal)  spine  aforesaid.  The  integument  is  strongly  chitinised. 

The  cephalothorax,  which  carries  all  the  true  appendages, 
is  covered  dorsally  by  an  unsegmented  shield  or  carapace  ;  on 
the  carapace  are  the  eyes — usually  a  pair  in  the  middle,  and 
a  row  of  two,  three,  or  five  lateral  eyes  in  each  anterior  corner. 
The  ventral  surface  of  the  cephalothorax  between  the  coxae 
of  the  last  two  pairs  of  legs  is  known  as  the  sternum ,  the 
shape  of  which  is  used  in  classification. 

The  abdominal  segments  are  all  distinct.  On  the  ventral 
surface  of  the  1st  is  the  genital  flap,  which  covers  the  open¬ 
ings  of  the  reproductive  organs.  On  the  ventral  surface  of 
the  2nd  is  a  pair  of  comb-like  appendages,  the  pectines.  On 
the  ventral  surface  of  each  of  the  next  4  segments  there  is  a 
pair  of  breathing-slits  {stigmata),  each  of  which  opens  into  a 
cavity  containing  a  close-set  series  of  gill-like  leaves — the 


lung-books.”  All  these  structures  are  regarded  as  modified 
appendages. 

The  5  narrow  segments  that,  with  the  post-anal  spine, 
form  the  tail  are  more  or  less  sculptured  and  faceted ;  the 
anus  opens  at  the  end  of  the  5th.  None  of  these  segments 
has  appendages  of  any  sort. 

The  first  pair  of  cephalothoracic  appendages,  or  chelicerce, 
are  short  and  pincer-like,  and  are  rather  deeply  embedded 
between  the  second  pair.  The  latter,  or  pedipalps ,  are  large 
prehensile  organs  composed  of  6  segments,  and  resemble  the 
great  “  claws  ”  of  a  lobster.  The  next  four  pairs  are  legs. 
Each  leg  (Fig.  187)  is  composed  of  7  segments  and  ends 
in  a  pair  of  claws.  The  coxae  of  the  first  two  pairs  of  legs 
are  produced  anteriorly  into  maxillary  processes  (Fig.  186) 
which  form  a  threshold  to  the  mouth.  At  the  end  of  the 
protarsus,  or  6th  segment  of  the  leg,  there  is  a  spine,  known 
as  the  pedal  spur ;  sometimes  two  pedal  spurs  are  present. 
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In  some  scorpions  a  similar  spine  is  present  at  the  end  of  the 
tibia,  or  5th  segment — the  tibial  spur ,  or  spurs. 

The  mouth  is  a  chink  lying  deep  between  the  pedipalps, 
and  opens  into  a  suctorial  pharynx.  The  food  consists  of 
insects  and  spiders,  which  are  seized  and  held  by  the  “  hands  ” 
of  the  pedipalps,  are  killed  by  a  stab  from  the  post-anal 
sting,  which  is  bent  forwards  over  the  back  for  the  purpose, 
and  are  then  sucked  dry. 

The  vascular  system  is  very  complete,  and  the  blood  is 
blue,  as  befits  a  group  that  has  persisted  with  very  little 
change  from  Palaeozoic  times. 

The  reproductive  organs  open  behind  the  genital  flap  on 
the  first  abdominal  sternum.  In  the  male  this  flap  consists 
of  two  distinct  halves,  but  in  the  female  the  two  halves  are 
more  or  less  united  in  the  middle  line.  Usually  also  the 
male  is  smaller  than  the  female,  and  has  a  larger  “  hand  ”  and 
a  longer  “  tail,”  and  larger  pectines.  The  female  is  viviparous, 
and  often  takes  some  care  of  the  young  after  they  are  born. 

The  venom  of  the  scorpion’s  sting  causes  much  local 
inflammation,  and  also  in  some  species  exercises  general 
physiological  effects  which,  according  to  Calmette,  are  not 
unlike  those  of  the  venom  of  Colubrine  snakes,  causing,  when 
injected  into  vertebrate  animals,  muscular  paralysis,  particu¬ 
larly  paralysis  of  the  breathing-mechanism,  and  destruction 
of  the  red  blood-cells.  Though  small  doses  of  the  venom 
have  been  observed,  experimentally,  to  kill  small  mammals, 
the  sting  of  the  scorpion  is  not  likely  to  prove  fatal  to  healthy 
adult  human  beings  though  it  sometimes  causes  severe  shock. 
Scorpion-sting  may  be  treated  in  the  same  way  as  the  stings 
of  venomous  insects  (p.  25 6). 

Scorpions  are  grouped  in  seven  families,  as  follows  : — 

Family  1  :  Buthidce.  The  sternum  is  almost  always  triangular ; 
in  a  few  species  it  is  pentagonal,  and  in  these  species  (as  in  many  others 
of  the  family)  the  last  pair,  or  last  two  pairs,  of  legs  have  tibial  spurs. 
The  legs  also  have  a  pair  of  pedal  spurs,  one  of  which  often  is  double. 
Lateral  eyes,  three  or  five  on  each  side.  Often  there  is  a  spine  on 
the  swollen  base  of  the  “sting.”  About  half  the  three  hundred  (or 
thereabout)  species  of  scorpions  known  belong  to  this  family,  which  is 
represented  in  all  the  warm  parts  of  the  world. 

Family  2  :  Scorpionidce.  Sternum  pentagonal  (Fig.  186).  No  tibial 
spurs.  Protarsi  with  only  one  pedal  spur.  The  claws  of  the  legs  lie  in 
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a  cleft  formed  by  the  projecting  ends  of  the  sides  of  the  tarsus.  Lateral 
eyes,  two  or  three  on  each  side.  Nearly  half  the  remaining  species  of 
scorpions  belong  to  this  family,  which  is  represented  in  all  warm  parts 
of  the  world  except  Southern  Europe. 

Family  3  :  Ischnuridce.  Differs  from  the  Scorftionidce  only  in  having 
the  body'  and  pedipalps  flat  and  depressed,  the  tail  slender  and  com¬ 
pressed,  and  the  claws  of  the  legs  not  overlapped  by  the  sides  of  the 
tarsus.  A  small  family  of  about  twenty-four  species,  found  in  Africa, 
Southern  Asia,  Australia,  and  (one  species  only)  in  Tropical  America. 

Family  4  :  Chcsrilidce.  Sternum  pentagonal,  with  a  median  furrow 
ending  in  a  pit.  No  tibial  spurs.  Protarsi  with  two  pedal  spurs.  Claws 
of  the  legs  not  overlapped  by  the  sides  of  the  tarsus.  Lateral  eyes,  two 
(with  a  yellow  glistening  spot  behind  them)  on  each  side.  Stigmata 
circular.  About  ten  species,  found  only  in  the  Oriental  Region. 

Family  5  :  Chactidce.  Sternum  pentagonal,  generally  as  broad  as 
long.  No  tibial  spurs.  Protarsi  with  two  pedal  spurs.  Claws  of  legs 
not  overlapped.  Lateral  eyes,  two  on  each  side,  but  sometimes  there 
are  no  eyes  at  all.  Stigmata  often  circular.  Between  twenty  and 
thirty  species,  in  Tropical  America  and  the  countries  bordering  the 
Mediterranean  Sea. 

Family  6  :  Vejovidce.  Sternum  pentagonal,  generally  broader  than 
long,  with  a  deep  median  furrow.  No  tibial  spurs.  Protarsi  with  two 
pedal  spurs.  Lateral  eyes,  three  on  each  side.  Stigmata  long  and 
narrow.  About  twenty  species,  in  South  Europe,  North  Africa,  South 
Asia,  and  America. 

Family  7  :  Bothriuridce.  The  sternum  consists  of  a  narrow  transverse 
rod  divided  in  the  middle  line,  and  is  sometimes  hardly  distinguishable. 
About  twelve  species,  of  which  one  is  Australian  and  all  the  others  are 
South  American. 

Order  Araneida:  Spiders  (Lat.  araneus  =  a  spider). 

In  this,  the  largest  order  of  Arachnida,  the  body  is 
composed  of  a  well-chitinised  cephalothorax,  which  carries 
the  true  appendages,  and  of  an  abdomen,  which  is  usually 
soft  and  unsegmented,  and  is  attached  to  the  cephalothorax 
by  a  short  stalk.  The  integument  is  more  or  less  hairy. 

Ventrally  the  cephalothorax  shows  distinct  segmentation 
in  the  attachment  of  the  appendages  and  the  subdivision  of 
the  sternum ;  but  dorsally  it  is  covered  by  a  carapace  which 
at  most  shows  only  traces  of  segmentation.  On  the  carapace 
are  the  eyes,  which  commonly  are  eight  in  number  and  are 
arranged,  more  or  less  distinctly,  in  two  rows. 

The  first  pair  of  appendages,  or  chelicerce ,  are  the  poison- 
fangs.  They  consist  of  two  pieces— a  basal  piece  containing 
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the  poison-gland,  and  a  large  curved  claw  which  is  perforated 
near  the  tip  to  discharge  the  venom. 

The  second  pair  of  appendages,  or  pedipalps ,  resemble 
the  legs,  except  that  their  basal  segment  is  produced  to  form 
a  maxillary  process.  In  the  adult  male  the  terminal  segment 
of  the  pedipalps  is  swollen,  and  is  modified  for  sexual 
purposes. 

The  legs,  which  are  four  pairs,  consist  of  7  segments  and 
end  in  two,  or  three,  claws.  In  those  spiders  that  possess 
an  accessory  spinning-plate,  or  cribellum ,  the  protarsus  of 
the  hind  legs  carries  a  special  comb  of  hairs,  or  calamistrum , 
which  is  used  for  fashioning  the  threads  secreted  from  the 
cribellum. 

The  abdomen,  typically^,  is  soft,  globular,  and  un¬ 
segmented,  but  sometimes  is  horny  and  angular,  or  festooned, 
or  spinose,  or  is  very  rarely  segmented.  On  its  ventral 
surface,  as  a  rule  just  in  front  of  the  anus,  are  the  spinnerets, 
of  which  there  are  commonly  three  pairs,  but  sometimes 
two  pairs,  or  one  pair,  or  very  rarely  four  pairs.  The 
spinnerets,  which  are  regarded  as  modified  appendages,  are 
segmented  and  mobile,  and  are  perforated  at  tip  by  the 
numerous  fine  openings  of  the  spinning-glands.  Some 
spiders  have,  in  front  of  the  ordinary  spinnerets,  a  broad 
spinning-plate,  or  cribellum.  The  spinning-glands  secrete 
a  viscid  fluid,  which  becomes  tough  as  silk  when  exuded, 
and  is  fashioned  by  the  spinnerets  and  legs  into  webs, 
snares,  and  other  structures  for  trapping  or  impeding  prey, 
or  into  nests  or  “cocoons”  for  protecting  the  eggs  and 
young. 

The  breathing-organs  also  open  on  the  ventral  surface 
of  the  abdomen.  In  most  spiders  these  consist  (1)  of  two 
lung-sacks,  like  those  of  scorpions,  which  open,  anteriorly,  one 
on  either  side  of  the  genital  pore,  and  (2)  of  two  or  more 
tracheal  trunks  which  open  just  in  front  of  the  spinnerets. 
In  some  spiders  instead  of  the  trachese  there  is  a  second 
pair  of  lung-sacks  lying  immediately  behind  the  first  pair. 

The  mouth  is  a  minute  pore  sunk  deep  behind  the 
chelicerae.  The  food  consists  of  insects,  but  some  of  the 
large  tropical  spiders  may  kill  and  feed  on  small  birds. 

The  female  spider,  which  as  a  rule  vastly  exceeds  the 
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male  in  size,  produces  eggs  in  batches,  which  are  enveloped 
in  a  silky  nest,  or  “  cocoon,”  and  are  often  guarded  or  carried 
about  by  the  mother. 

Some  spiders  chase  their  prey,  and  others  lie  in  wait  for 
it.  Of  the  latter  some  are  so  coloured  as  to  escape  detection, 
some  hide  in  burrows,  and  others  spin  webs  and  pitfalls  of 
various  kinds  in  which  the  prey  is  entangled.  A  few  species 
live  in  fresh  water,  and  there  are  several  marine  species. 

The  venom  of  some  spiders  is  so  extremely  toxic  as  to 
cause  serious  and  even  fatal  results  to  man.  This  is  known 
to  be  the  case  with  the  species  of  Lathrodectes ,  which  are 
found  in  all  tropical  and  sub-tropical  latitudes,  and  also  with 


a  species  of  Glyptocranium  found  in  America  and  the  West 
Indies  and  said  to  be  very  common  in  Peru,  where  it  is 
known  as  “  Podadora.”  The  venom  in  these  dangerous 
species  is  powerfully  cytolytic  and  haemolytic,  its  action, 
both  local  and  general,  being  similar  to  that  of  viperine 
snakes.  The  species  of  Lathrodectes  are  of  no  great  size  ; 
they  have  a  globular  abdomen  which  is  often  vividly  striped 
or  spotted,  and  long  but  fairly  stout  legs  (Fig.  188) ;  according 
to  Coleman  the  glands  of  a  single  Lathrodectes  mactans 
macerated  in  distilled  water  and  injected  into  a  cat  caused 
death  in  ten  minutes.  The  “Podadora”  ( Glyptocranium 
gasteracanthoides ),  and  the  potent  action  of  its  venom,  have 
been  described  by  Escomel :  it  is  a  smallish  spider,  with  a 
small  spinulose  cephalothorax,  and  a  globular  abdomen;  it 
is  of  a  greyish  colour,  with  an  orange-red  spot  on  the  ventral 
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surface  of  the  abdomen,  and  purplish-red  legs ;  as  it  crouches 
on  the  branches  of  the  vines  that  it  frequents  it  has  a 
deceptive  resemblance  to  a  leaf-bud ;  its  bite  causes 
phlegmon  and  gangrene  locally,  and  syncope  and  collapse 
followed  by  albuminuria  and  sometimes  hsematuria;  the 
results  may  be  fatal  to  man. 

The  Araneida  have  been  divided  into  two  sections,  namely  (i), 
Mesothelce ,  in  which  the  abdomen  is  distinctly  divided,  dorsally,  into 
9  segments,  and  the  spinnerets  are  situated  in  the  middle  of  its  ventral 
surface  ;  and  (2)  Opisthothelce ,  in  which  the  abdomen  is  not  segmented, 
and  the  spinnerets  are  posterior. 

The  Mesothelce  include  but  one  genus,  which  is  restricted  to  the 
Oriental  Region. 

The  Opisthothelce  are  divided  into  two  suborders,  namely,  (1) 
Mygalomorpha ,  in  which  the  chelicerse  are  directed  forwards  and  their 
fang  closes  backwards,  and  the  lung-sacks  are  two  pairs  ;  and  (2)  the 
Arachnomorpha ,  in  which  the  chelicerse  are  directed  downwards  and 
the  fang  closes  obliquely  inwards,  the  pedipalps  always  have  a  maxillary 
process,  and  the  breathing-organs  consist  of  one  pair  of  lung-sacks  and 
a  pair  of  tracheae. 

The  Mygalomorpha  for  the  most  part  live  in  burrows  which  are 
generally  lined  with  silk.  Some  of  them,  known  as  Trap-door  spiders, 
stop  the  mouth  of  the  burrow  with  a  hinged  and  very  accurately  fitted 
lid  which  opens  outwards.  Some  of  the  tropical  Mygalomorpha  are 
of  very  large  size,  and  are  said  to  prey  upon  small  birds  and  small 
mammals. 

The  Arachnoinorpha ,  which  include  an  enormous  number  of  species, 
are  the  ordinary  familiar  spiders.  Some  of  them  wander  about  and 
run  their  prey  down  or  leap  upon  it,  others  make  webs  which  may 
either  be  irregular  in  form  or  be  beautifully  woven  of  concentric  and 
radial  threads. 

Order  SOLIFUGAi. 

Spider-like  Arthropods  differing  from  all  other  Arachnida 
in  having  the  segments  of  the  body  grouped  in  three  regions 
— head,  thorax,  and  abdomen — like  an  insect.  The  head 
carries  the  chelicerse,  the  pedipalps,  and — in  the  middle  of 
the  front  border — a  pair  of  eyes.  Each  chelicera  consists  of 
a  swollen  basal  piece  and  two  pincer-like  fangs ;  these  are 
popularly  supposed  to  inflict  a  most  dangerous  bite,  but  all 
that  is  actually  known  about  them  is  that  they  are  used  for 
catching  and  killing  the  prey — which  consists  chiefly  of 
insects.  The  pedipalps  resemble  the  legs.  Between  the 
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bases  of  the  chelicerae  there  is  a  little  horny  spout  at  the 
tip  of  which  the  mouth  opens. 

The  thorax  is  composed  of  3  independent  segments  and 
carries  four  pairs  of  legs,  which  are  long,  flexible,  and  hairy, 
and  end  in  a  pair  of  long,  stalked  claws ;  on  the  hind  margin 
of  some  of  the  basal  segments  of  the  hind  legs  there  is  a 
series  of  long,  club-shaped,  or  somewhat  racquet-shaped, 
appanages  of  unknown  function — the  malleoli. 

The  abdomen  consists  of  10  distinct  segments;  the  anus 
opens  on  the  last,  and  the  genital  pore  on  the  first. 

The  breathing-organs  are  tracheae,  which  open  between 
the  coxae  of  the  second  pair  of  legs,  and  on  the  sterna  of  the 
2nd,  3rd,  and  sometimes  the  4th  abdominal  segments. 

The  male  is  distinguishable  from  the  adult  female  by  the 
form  of  the  first  abdominal  sternum,  which  consists  of  two 
lateral  halves,  with  lip-like  folds  covering  the  genital  pore 
and  projecting  between  them ;  in  the  male  also  there  is 
usually  present,  on  the  base  of  the  chelicera,  a  filament  known 
as  the  flagellum. 

The  Solifugae  are  nocturnal  and  predaceous,  hunting  their 
prey  with  the  agility  of  cats  and  often  taking  tremendous 
leaps.  They  are  found,  particularly  in  arid  and  desert  tracts, 
in  South  Europe,  Africa,  South-west  and  South  Asia,  and 
the  warmer  parts  of  America.  In  Madras  they  are  known 
as  “  Jerrymunglums.” 

They  are  arranged  in  the  three  following  families  : — 

(1)  Galeodidce.  Stalks  of  the  claws  of  the  legs  hairy  ;  abdominal 
stigmata  covered  by  finely-toothed  plates.  One  genus,  Galeodes ,  found 
in  the  countries  bordering  the  Mediterranean  Sea,  South-west  Asia, 
and  India. 

(2)  Solftugidce.  Stalks  of  the  claws  of  the  legs-not  hairy  ;  abdominal 
stigmata  not  covered.  Many  genera  and  species  distributed  like  the 
Order. 

(3)  Hexisopodidce.  Some  of  the  segments  of  the  legs  spinous  ; 
fourth  pair  of  legs  without  claws.  One  genus,  H exisopus ,  restricted  to 
South  Africa. 


CHAPTER  XXXII 

Aberrant  Arachnida 

Order  PENTASTOMIDA :  Linguatula ,  Porocephalus  (Fig.  189). 

The  Pentastomida  depart  very  widely  both  in  form  and 
in  life-history  from  the  ordinary  Arthropod  standard.  In 
the  adult  stage  they  are  blood-sucking  endoparasites,  of 
snakes  very  commonly,  but  also  of  other  reptiles,  of 
mammals,  and  of  birds,  lodging  usually  in  the  naso¬ 
pharynx  and  air-passages :  in  the  larval  stage  they  are 
met  with  as  encysted  endoparasites,  sometimes  in  some 
kind  of  animal  that  is  likely  to  become  the  prey  of  the 
species  that  harbours  the  adult,  so  that  in  their  development 
two  distinct  hosts  are  necessary. 

The  body  is  either  worm-like,  or  flattened  and  some¬ 
what  fluke-like :  it  may  be  smooth,  or  superficially  ringed 
like  an  earthworm,  or  serially  constricted  in  an  appearance 
of  segmentation  like  a  tapeworm.  There  is  a  distinct  head, 
with  a  mouth  flanked  by  two  pair  of  hooks  for  attachment 
to  the  host.  Each  hook  is  retractile  into  a  sheath  which 
is  embedded  in  glandular  tissue  (Fig.  190).  On  the  head 
are  also  many  regularly  arranged  papillae  on  which  small 
dermal  glands  open. 

The  alimentary  canal  passes  straight  through  the  body 
to  the  subterminal  anus :  on  either  side  of  it  in  most 
of  its  extent  lies  an  elongate  digestive  or  salivary  gland 
(Fig.  191).  In  the  female  the  rest  of  the  body-cavity  is 
filled  by  the  ovaries  and  the  copious  coils  of  the  oviduct 
which  opens  just  in  front  of  the  anus.  In  the  male,  which 
is  usually  much  smaller  than  the  female,  the  testes  and  their 
ducts  and  appendages  also  occupy  a  large  part  of  the  body 
cavity,  and  the  vas  deferens  opens  on  the  ventral  surface 
close  to  the  head. 
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Fig.  189.— Female  Porocephalus. 
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Fig.  190.— Transverse  section  of  female  Porocephalus,  head. 
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Fig.  191. — Transverse  section  of  female  Porocephalus. 
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The  eggs,  which  are  produced  in  myriads,  pass  away 
in  the  faeces  of  the  host,  or  from  the  nose  or  mouth. 
The  individual  egg  (Fig.  192)  much  resembles  that  of  a 
tapeworm  :  it  is  of  minute  size,  and  is  enclosed  in  a  thick 
well-defined  mucous  envelope :  inside  the  chitinous  shell 
can  be  seen,  in  the  ripe  egg  before  it  leaves  the  oviduct, 
the  embryo — a  small  oval  body  with  two  pair  of  appendages, 
each  ending  in  a  hook  or  pair  of  hooks  (Fig.  i91 2 3)*  When 
the  eggs  are  set  free  they  have  to  be  swallowed  by 
a  suitable  host:  most  of  them  must  perish,  but  some 
may  be  carried  into  herbage  or  water  and  may  ultimately 
reach  a  hospitable  stomach.  In  this  first  or  intermediate 
host  the  larva  is  hatched,  and,  boring  through  the  wall  of 
the  alimentary  canal,  is  carried  to  some  vascular  organ 
commonly  the  liver  or  spleen  —  where,  after  reaching  a 
considerable  size,  it  becomes  encysted.  Sometimes  a  larva 
may  be  carried  to  some  vital  part,  like  the  brain,  and  may 
cause  the  death  of  the  intermediate  host  \  but  in  propitious 
circumstances  it  remains  in  some  non-vital  part,  either 
encysted  or  freed  from  its  cyst,  until  if  the  intermediate 
host  happen  to  be  eaten  by  a  predatory  animal  of  a  suitable 
kind,  it  attains  the  interior  of  a  final  host  where  it  at 
length  reaches  its  proper  situation  in  some  part  of  the 
respiratory  passages  and  becomes  adult. 

Pentastomida  have  been  found  in  man,  both  in  their 

adult  and  their  larval  stages. 

Three  genera  are  ordinarily  recognised  in  this  abnormal 

1.  Linguatula.  Body  flat,  shaped  something  like  a  fluke 
but  tapering  posteriorly,  finely  ringed.  Commonly  inhabits 
the  nasal  tract.  Has  been  found  in  numerous  mammals, 

including  man  ;  also  in  reptiles. 

2.  P orocephalus  (Fig.  189).  Body  elongate  cylindrical, 
ringed,  sometimes  regularly  constricted  as  if  segmented. 
Commonly  inhabits  the  lungs  and  trachea  of  reptiles, 
particularly  snakes,  also  sometimes  of  mammals  and  birds. 
The  encysted  larva  has  been  found  in  man. 

3.  Reighardia.  Body  not  ringed.  Found  in  the  air- 

passages  of  some  aquatic  birds. 
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Centipedes  and  Millipedes 

Class  MYRIAPODA  :  (Gr.  /uvpios  =  numberless  ;  7rou?  =  foot). 

This  Class  includes  inter  alia  the  Centipedes,  whose  great 
poison-claws,  which  can  inflict  a  painful  wound,  entitle 
them  to  some  consideration  here. 

In  the  Myriapoda  the  body  as  a  rule  is  elongate  and  is 
composed  of  a  head  and  of  numerous  segments  which,  with 
their  appendages,  are  all  nearly  alike.  The  legs  consist 
of  several  segments  and  usually  end  in  a  single  claw. 

The  general  plan  of  the  head  is  very  similar  to  that  of 
an  insect,  the  appendages  being  a  pair  of  many-segmented 
antennae,  a  pair  of  mandibles,  and  two  pairs — though  in 
many  cases  only  one  pair — of  maxillae. 

Breathing  is  carried  on  by  tracheae  like  those  of  insects, 
which  have  definite  openings,  usually  on  the  sides  of  the  body. 

The  Myriapoda  are  grouped  in  four  Orders,  as  follows : — 

1.  Chilopoda ,  or  Centipedes.  There  are  two  pairs  of  maxillae.  The 
first  pair  of  legs  are  much  enlarged  “poison-claws.”  The  genital  pore 
is  on  the  penultimate  segment  of  the  body. 

2.  Diplopoda ,  or  Millipedes.  There  is  only  one  pair  of  maxillae. 
Most  of  the  body-segments  have  two  pairs  of  appendages.  The  genital 
ducts  open  on  the  2nd  or  3rd  body-segment. 

3.  Pauropoda  (ttcw/jos  =  few  ;  7roi/s  =  foot).  Minute  Myriapods  with 
nine  pairs  of  legs  and  triflagellate  antennae.  They  resemble  tiny 
Centipedes  in  form;  but,  like  Millipedes,  have  the  genital  openings 
close  behind  the  head,  and  only  one  pair  of  maxillae. 

4.  Symphyla  (aw  —  connecting  ;  (pv\ov  =  clan  ;  signifying  that  in  some 
respects  they  appear  to  connect  the  Centipede  clan  with  the  Insect 
clan).  Minute  Myriapods  with  twelve  pairs  of  legs  which  end  in  two 
claws  like  those  of  insects.  They  resemble  tiny  Centipedes  in  form  and 
in  having  two  pairs  of  maxillae  ;  but,  as  with  Millipedes,  the  genital 
opening  is  close  behind  the  head. 
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Order  CHILOPODA :  Centipedes  (Gr.  xef\o9  =  a  lip; 

7T  OU$  —  f00t). 

In  Centipedes  the  body  consists  of  a  head,  and  usually  of 
a  large  number  of  flattened  segments,  all  of  which  except  the 
two  last  are  alike.  The  head  carries  a  pair  of  antennae, 
which  as  a  rule  are  composed  of  very  numerous  segments,  a 
pair  of  toothed  mandibles,  and  two  pairs  of  maxillae,  the 
second  pair  of  which  have  their  bases  united  to  form  a  lower 
lip,  or  labium.  Eyes  are  generally  present,  and  in  most 
cases  consist  of  two  groups  of  ocelli  placed  one  on  each 
side  of  the  head,  as  in  some  insect  larvae. 

Of  the  segments  behind  the  head  the  two  last  are  small 
and  are  a  good  deal  tucked  in ;  the  anus  opens  on  the  last 
and  the  genital  duct  on  the  last,  or  last  but  one,  and  neither 
of  them  has  appendages.  But  all  the  other  segments  carry 
each  a  pair  of  legs,  all  of  which  except  the  first  and  last  are 
alike,  and  are  composed  of  seven  pieces  and  a  terminal  claw. 
The  first  pair  of  legs  differ  from  all  the  others  in  the  large 
size  of  the  basal  pieces,  the  enormous  development  of  the 
claw,  and  the  reduction  of  the  other  pieces.  These  legs  are 
known  as  “  poison-claws,’5  or  as  foot-jaws  (maxillipeds) :  their 
bases  are  fused  with  the  sternum  of  their  proper  segment  to 
form  a  sort  of  additional  lower  lip  ;  the  enlarged  claw  contains 
the  venom  gland  and  is  perforated  near  the  tip,  like  the  fang 
of  a  serpent,  for  passage  of  the  venom.  The  last  pair  of  legs 
differs  from  all  the  others  in  being  considerably  longer,  and 
occasionally  in  being  also  flatter  and  broader. 

The  female  Centipede  as  a  rule  produces  eggs,  and  often 
guards  them  until  they  are  hatched.  The  new-hatched  young 
sometimes  resembles  the  parents,  but  may  have  fewer  legs. 

Centipedes  live  under  stones,  dead  leaves,  and  other  kinds 
of  rubbish,  in  dark  and  damp  places ;  in  the  tropics  they  may 
creep  into  a  shoe  or  a  bath-sponge.  They  prey  upon  insects, 
worms,  and  other  such  creatures,  which  they  kill  with  their 
poison- claws.  Small  Centipedes  may  creep  into  the  throat 
and  nasal  passages,  or  even  into  the  intestine,  of  human 
beings,  and  may  be  sneezed,  coughed,  or  vomited  up,  or 
even  be  passed  per  anum ,  alive.  Blanchard  has  collected  a 
considerable  number  of  such  cases. 
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Colonel  J.  W.  Cornwall,  has  published,  in  the  Indian 

Journal  of  Medical  Research  of  January  1916  (vol.  iii.,  No.  3), 
a  very  good  account,  with  illustrations,  of  the  anatomy,  with 
pertinent  attention  to  histology  and  physiology,  of  three 
Indian  species  of  Centipedes.  He  found  that,  at  any  rate 
by  day,  they  were  not  anxious  to  bite,  and  that  apart  from 
mechanical  effects,  their  bite  was  followed  merely  by  a  little 
local  hyperaemia  and  oedema.  From  observation  he  concludes 
that  the  main  function  of  the  venom  claws  is  to  assist  mastica¬ 
tion  ;  and  he  infers,  from  the  manner  of  working  of  the  claws 
in  life,  as  well  as  from  the  results,  that  the  main  function  of 
the  venom  is  to  assist  digestion,  not  to  kill  prey.  He  appears 
to  think  it  probable  that  when  severe  local  inflammation 
follows  a  Centipede  bite  it  is  chiefly  due  to  septic  infection  ; 
but  observations  afforded  by  three  species  are  perhaps  hardly 
sufficient  to  justify  such  a  wide  generalisation. 

Centipedes  are  commonly  grouped  in  two  suborders,  namely,  (1) 
Pleurostigmatice ,  with  stigmata  on  the  sides  of  some  of  the  segments  ; 
and  (2)  Notostigniatice ,  with  stigmata  on  the  hind  edges  of  the  terga  of 
some  of  the  segments. 

Of  the  Pleurostigmatice  there  are  four  families,  characterised  as 
follows  : — 

Family  Geophilidce.  Body  very  long  and  slender,  with  13  to  173 
pairs  of  short  legs.  Antennae  short,  of  14  segments.  Stigmata  on  the 
pleura  of  a  great  many  segments.  No  eyes.  Found  in  all  parts  of  the 
world. 

Family  S colop endridce.  Twenty-one  to  twenty-three  pairs  of  legs, 
which  are  fairly  long.  Antennae  of  17  to  34  segments,  much  shorter 
than  the  body.  Eyes,  when  present,  four  on  each  side.  Stigmata  nine, 
ten,  eleven,  or  nineteen  on  each  side.  The  large  Centipedes  found  in 
the  tropics,  some  of  which  attain  a  length  of  more  than  6  inches,  belong 
to  this  family. 

The  Scolopendridce  are  divided  into  three  subfamilies,  namely,  (a) 
Cryptopines ,  without  eyes.  Found  in  all  parts  of  the  world,  (b)  Oto- 
stigmince ,  with  four  eyes  on  each  side,  and  with  oval  or  circular  stigmata 
placed  obliquely  to  the  long  axis  of  the  body.  Found  in  the  tropics  all 
round  the  globe,  (c)  S colop  endrince,  with  four  eyes  on  each  side,  and 
with  slit-like  or  triangular  stigmata  lying  parallel  to  the  long  axis  of  the 
body.  Found  throughout  the  tropical  and  warmer  temperate  zones. 

Family  Craterostigmidce.  Fifteen  pairs  of  legs.  Stigmata  five  on 
each  side.  One  eye  on  each  side.  One  species,  restricted  to  Tasmania. 

Family  Lithobiidce.  Body  short.  Fifteen  pairs  of  legs.  Antennm 
of  few  or  many  segments,  shorter  than  the  body.  Stigmata  six  or  seven 
on  each  side.  Eyes,  one  or  many  on  each  side.  Found  in  all  parts  of 
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the  world.  The  gut  of  the  common  British  Lithobins  furnishes  good 
material  for  the  study  of  the  life  history  of  a  Coccidium,  in  the  summer. 

Of  Notostzgmatice  there  is  only  one  family,  namely,  Scutigeridce ,  of 
very  active  Centipedes  with  spidery  legs.  Body  short,  with  fifteen  pairs 
of  long,  slender  legs  of  successively  increasing  length.  Antennae  as 
long  as  the  body,  their  segments  very  numerous.  The  stigmata  are 
buttonhole-like  slits  in  the  hind  edges  of  seven  of  the  eight  visible  terga, 
and  form  a  median  dorsal  series.  The  eyes,  of  which  there  are  a  pair, 
differ  from  those  of  all  other  Centipedes  in  being  compound  and  faceted. 
Found  in  all  warm  parts  of  the  world.  They  are  mostly  nocturnal  in 
habit  and  are  said  to  be  useful  by  preying  on  flies. 

Order  Diplopoda  :  Millipedes  (Gr.  dur\ovs  =  double  ;  ttovs  =  foot). 

The  body  is  cylindrical  or  semicylindrical,  but  sometimes  is  flattened  ; 
it  can  usually  be  rolled  into  a  flat  coil  or  even  into  a  ball  ;  it  is  often 
extremely  long,  but  is  sometimes  short  like  that  of  a  wood-louse.  The 
cuticle  is  generally  calcified,  and  particularly  hard. 

The  head  carries  a  pair  of  antennae,  which  commonly  are  clubbed 
and  composed  of  7  segments  ;  a  pair  of  mandibles,  which  end  in  a  large 
tooth  and  a  striated  molar  facet ;  and  a  pair  of  maxillae,  which,  though 
all  their  parts  are  distinctly  recognisable,  are  united  to  form  a  lower  lip. 
Behind  the  head  come  4  segments,  the  first  3  of  which  have  each  a  pair 
of  legs,  while  the  4th  has  none  ;  the  genital  openings,  in  both  sexes,  lie 
on  or  near  the  second  pair  of  these  legs,' or  their  coxae.  All  the  segments 
behind  the  first  4— or  nearly  all— are  peculiar  in  having  each  two  pairs 
of  legs.  The  legs,  which  are  slender  and  weak,  are  attached  close 
together  near  the  mid-ventral  line.  The  last,  or  anal,  segment  is  laigei 
than  any  of  the  others,  and  its  tergum  may  be  produced  into  a  spur. 
Breathing  is  carried  on  by  tracheae  ;  and  the  stigmata  open  on  the  sterna 
of  the  segments  close  to  the  articulations  of  the  legs.  On  the  sides  of 
each  segment  cutaneous  glands  open,  the  secretion  of  which  has  a 
pungent  smell  much  like  that  of  prussic  acid. 

Millipedes  live  in  the  ground  and  under  stones.  They  feed  chiefly 
on  vegetable  matter,  and  sometimes  do  much  damage  to  crops  by  gnaw¬ 
ing  the  roots.  In  the  tropics,  during  the  rainy  season,  Millipedes  may 
often  be  seen  collected  together  on  the  ground  in  writhing  heaps, 
exempt  from  molestation  by  reason  of  their  pungent  cutaneous  secretion. 
Millipedes  are  found  in  all  parts  of  the  world  ;  some  of  the  large  tropical 
species  are  considerably  more  than  6  inches  long. 


CHAPTER  XXXIV 


The  Class  Crustacea 

This  Class  includes  the  crabs,  hermit-crabs,  lobsters, 
prawns  and  shrimps,  mantis-shrimps,  sandhoppers,  wood-lice, 
fish-lice,  barnacles,  and  water-fleas,  as  well  as  a  multitude  of 
small  aquatic  creatures  not  distinguished  in  the  vernacular. 
Though  of  great  influence  in  the  world’s  economy,  as 
scavengers  of  sea  and  shore,  and  as  contributing  a  not  incon¬ 
siderable  part  of  the  food-supply  of  man,  both  directly  in 
themselves  and  indirectly  as  the  pabulum  of  fishes,  they  are 
not  at  the  present  moment  known  to  be  of  much  importance 
from  the  medical  standpoint.  Their  chief  claim  to  our 
attention  depends  upon  the  facts  that  certain  water-fleas  and 
fresh-water  crabs  are  intermediary  hosts  of  parasitic  worms  ; 
that  tropical  land-crabs  of  several  kinds  play  a  minor  part  in 
the  service  of  rural  hygiene  ;  and  that  the  Crustacea  used  as 
food  often  have  toxic  effects.  It  seems  right,  however,  to 
give  respectful  notice  to  the  Crustacea  here,  because  the  first- 
discovered  Arthropod-carrier  of  an  organism  pathogenic  to 
man  was  a  Crustacean  ( Cyclops ,  discovered  by  Fedchenko, 
in  1869,  to  be  the  carrier  of  the  guinea-worm  larva) — a 
historic  fact  that  answers  all  a  priori  objections  to  our 
attentive  consideration  of  the  entire  Class.  Even  marine 
forms  may  be  included  in  our  purview,  since  in  the  great 
estuarine  tracts  of  the  tropics  the  fresh-water  and  land 
fauna  (particularly  in  the  Crustacean  class)  is  being  continually 
recruited  from  the  sea. 

In  the  majority  of  Crustacea  the  cuticle  is  strongly  calcified,  as  is 
implied  in  the  name  of  the  Class  (Lat.  crusta  —  shell). 

Most  of  the  Crustacea  are  aquatic  and  breathe  by  gills  which  are 
attached,  usually  to  the  thoracic,  but  sometimes  to  the  abdominal, 

348 


THE  CLASS  CRUSTACEA 


349 


appendages  ;  but  the  land-crabs  and  wood-lice  breathe  air  direct,  so  long 
as  the  air  is  moist— the  land-crab  by  the  lining  membrane  of  the  gill- 
chamber,  or  by  the  skin  of  the  abdomen  ;  the  wood-lice  by  special  air¬ 
spaces,  or  u  pseudotracheae,”  in  the  leaf-like  abdominal  appendages. 
On  the  other  hand,  many  small  Crustacea  have  no  special  breathing- 
organs  at  all. 

It  is  characteristic  of  Crustacea  to  have  two  pairs  of  antennae,  the 
anterior  pair  bearing  the  diminutive  appellation  of  antennules ;  but 
one  pair,  or  even  both,  may  be  reduced  to  a  vestige,  or  be  entirely 
suppressed. 

In  most  Crustacea  the  three  pairs  of  appendages  immediately  behind 
the  antennas  lie  close  to  the  mouth  and  form  jaws.  In  many,  the 
anterior  appendages  of  the  thorax  are  also  crowded  beside  the  mouth 
and  form  accessory  foot-jaws. 

In  Crustacea,  as  in  Arthropoda  generally,  the  sexes  are  separate  ; 
but  there  are  numerous  sessile  and  parasitic  forms  that  are  herma¬ 
phrodite  \  while  among  some  of  the  smaller  forms— particulaily  those 
inhabiting  fresh  water— males  appear  only  at  certain  seasons  or  at  long 
intervals,  and  in  their  absence  generation  after  generation  is  produced 
by  females  alone.  The  ducts  of  the  reproductive  organs  open  on  the 
ventral  surface,  commonly  in  the  after  part  of  the  thorax,  but  occasionally 
near  one  or  other  end  of  the  body. 

The  spermatozoa  are  non-motile.  The  eggs  are  numerous  and  are 
in  most  cases  carried  by  the  female— either  attached  directly  to  some 
of  the  appendages,  or  lodged  in  a  special  brood-pouch— until  they  are 
hatched,  and  sometimes  even  longer.  The  new-hatched  young, .  or 
larva,  is,  in  the  majority  of  Crustacea,  unlike  the  parent,  and  acquires 
the  adult  form  by  a  series  of  post-embryonic  developmental  changes  or 
metamorphoses. 

In  the  higher  forms  of  Crustacea  the  segments  of  the  body  are 
constantly  21  in  number,  and  are  grouped  in  three  regions— head,  thorax, 
and  abdomen— the  head,  however,  almost  never  being  sharply  separated 
from  the  thorax,  and  often  being  enclosed  with  the  thorax  in  a  common 
fold  or  process  of  the  integument,  known  as  the  carapace.  In  these 
higher  forms,  of  which  the  prawn  and  lobster  are  types,  the  appendages 
of  the  body  number  twenty  pairs — a  pair  to  each  segment  except  the 
last,  which  never  carries  appendages.  The  Crustacea  which  conform 
to  this  definite  type  constitute  the  subclass  Malacostraca. 

In  the  more  primitive  Crustacea  the  number  of  segments  and 
appendages  is  quite  inconstant  ;  there  may  be  few,  or  there  may  be  a 
great  many,  or  the  segmentation  may  in  cases  be  quite  indistinct.  The 
segments,  again,  may  be  grouped  in  three  regions,  or  the  body  behind 
the  head  may  be  almost  worm-like  in  simplicity,  or  the  whole  animal 
may  be  enclosed  in  a  bivalve  shell.  In  any  case  the  posterior  end  of 
the  body  (abdomen)  commonly  is  destitute  of  appendages  and  ends  in  a 
pair  of  long  filaments,  or  “  caudal  fork.”  All  these  inconstant  forms  are 
conventionally  grouped  together  as  Entomostraca. 
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Entomostraca. 

In  this  group,  so  far  as  living  forms  are  concerned,  four 
subclasses  are  included,  namely  Branchiopoda ,  Ostracoda , 
Copepoda ,  and  Cirripedia.  None  of  the  Branchiopods  and 
Ostracods  is  known  to  be  parasitic,  but  in  the  other  two 
subclasses  many  instances  of  parasitism  have  been  observed, 
which,  although  they  may  not  be  of  any  practical  importance, 
are  illustrative  and  suggestive.  Among  the  Copepods,  again, 
we  find  the  necessary  “intermediate  host”  of  the  guinea- 
worm — a  formidable  subcutaneous  parasite  of  man  in  certain 
warm  countries. 

Subclass  Copepoda. 

The  Copepoda  (ku>ityi  —  oar  ;  7rov?  =  foot)  are  found,  some¬ 
times  in  prodigious  numbers,  in  all  the  waters  of  the 
globe,  salt  and  fresh.  Many  of  them  are  ectoparasites,  and 
not  a  few  are  internal  parasites,  of  marine  animals :  most  of 
the  free-living  forms  are  minute,  but  some  of  the  parasites 
are  of  considerable  size,  one  of  them — parasitic  on  a  fish — 
exceeding  a  foot  in  length. 

In  the  free-living  Copepods  the  arrangement  of  the  body 
and  appendages  is  typified  by  Cyclops ,  described  below ;  but 
among  the  parasitic  Copepods  it  is  highly  diversified  and 
often  degraded,  and  we  meet  with  worm-like  forms  that  have 
lost  their  appendages,  and  with  sack-like  forms  in  which  the 
segmentation  also  has  disappeared,  curious  lobes  and  excres¬ 
cences  being  sometimes  developed  on  various  parts  of  the 
body.  In  certain  deformed  Copepods  the  females  of  which 
are  parasitic  on  fish,  the  males  are  dwarfed  and  live  as  para¬ 
sites  on  the  females. 

Besides  the  attached  parasites  and  the  internal  parasites, 
there  are  to  be  found  among  the  Copepods  semi-parasites 
and  temporary  parasites.  Of  the  latter,  Argulus ,  a  common 
parasite  of  both  sea  and  river  fish,  must  be  mentioned.  In 
Argulus  the  body  is  leaf-shaped  and  ill-segmented;  the 
mouth-parts  are  suctorial,  and  in  front  of  the  mouth  there  is  a 
retractile  hollow  spine  connected  with  large  “  poison-glands  ”  ; 
the  maxillae  are  transformed  into  large  adhesive  suckers 
which  look  like  a  pair  of  enormous  eyes ;  and  a  pair  of  eyes 
is  present. 
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The  species  of  the  genus  Cyclops  (Fig.  193),  some  of  which 
are  instrumental  in  carrying  the  guinea-worm,  are  typical 
examples  of  free-living  Copepods,  and  may  be  found  in 
abundance  in  any  pond  or  ditch.  They  are  minute,  semi¬ 
transparent,  or  —  from  the  presence  of  food  or  fat  — 
greenish  or  reddish  creatures,  swimming  with  powerful  jerks. 
Examined  under  a  lens,  the  body  is  seen  to  consist  of  an 
anterior  oval  mass  followed  by  a  narrow  tail,  or  abdomen, 
which  ends  in  a  pair  of  long,  feathered  filaments.  The  front 
of  the  mass  is  a  true  cephalothorax  composed  of  6  head- 
segments  and  I  thoracic  segment,  all  united  and  carrying 
diverse  appendages ;  the  posterior  part  consists  of  4  distinct 


thoracic  segments,  each  bearing  a  pair  of  biramous,  jointed, 
feathery  swimming  legs. 

Of  the  appendages  of  the  cephalothorax  the  most  con¬ 
spicuous  are  the  first  two  pairs — the  antennules  and  antennae 
— the  antennules,  which  are  the  chief  organs  of  locomotion  in 
Cyclops ,  being  of  great  length.  Between  the  antennules,  in 
the  mid-dorsal  line,  is  a  mass  of  black  or  red  pigment — the 
“  nauplius  ”  eye.  Behind  the  antennae  in  the  mid-ventral  line 
is  the  mouth,  with  all  the  other  cephalothoracic  appendages 
crowded  together  on  either  side  of  it :  these  are  the  “  mouth- 
parts,”  and  consist,  in  consecutive  order,  of  a  pair  of  mandibles, 
two  pairs  of  short,  setose  maxillae,  and  a  pair  of  maxillipeds 
or  foot-jaws. 

The  tail-like  abdomen  consists  of  4  (female),  or  5  (male) 
segments,  all  of  them  destitute  of  appendages.  Attached  to 
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the  first  abdominal  segment  of  the  female  is  often  seen  a 
pair  of  large  oval  egg-sacks,  each  of  which  may  be  about  one- 
third  as  long  as  the  animal  itself. 

If  a  Cyclops  be  examined  alive  in  a  drop  of  water, 
steadied  by  a  cover-glass,  the  alimentary  canal,  which  pulsates 
vigorously,  can  be  seen  running  from  the  mouth  to  the  cleft 
of  the  caudal  fork. 

To  study  the  development  of  Cyclops ,  a  female  carrying 
egg-sacks  should  be  taken  up  in  a  pipette  and  placed  in  a 
small  tube  of  water  with  a  few  pieces  of  duck-weed  or  a  small 
tuft  of  a  Confervoid.  The  tube  should  then  be  corked  for 
safety,  and  left  in  the  light.  Within  a  few  days,  minute 
whitish  specks  will  be  seen  flitting  through  the  water  and 
resting  on  the  side  of  the  tube.  These  are  the  “  nauplius 
larvae  ”  of  Cyclops. 

A  nauplius  examined  under  a  low  power  of  the  micro¬ 
scope  discloses  an  oval  body  with  three  pairs  of  setose 
appendages,  of  which  the  first  is  simple  and  the  other  two 
are  biramous.  These  are  the  future  antennae  and  mandibles, 
though  in  the  present  stage  they  are  organs  of  locomotion. 
At  the  fore  end  of  the  body,  in  the  middle  line,  is  a  mass  of 
pigment — the  “  nauplius  eye,”  which  persists  throughout  life 
as  the  sole  organ  of  vision.  Between  the  mandibles  is  the 
mouth,  and  at  the  hinder  end  of  the  body  is  the  anus.  The 
alimentary  tube  runs  through  the  body  in  a  straight  line, 
and  within  it  may  be  seen  the  diatoms  and  spores  of  confervae 
taken  as  food. 

In  the  course  of  a  few  days  the  nauplius  is  transformed 
into  the  adult  Cyclops  by  a  succession  of  moults,  in  which 
segments  with  their  appendages,  or  buds  of  them,  are  added 
at  the  posterior  end  of  the  body,  but  in  front  of  the  terminal 
portion  where  the  anus  is  situated. 

The  nauplius  larva  is  not  peculiar  to  Cyclops,  but  is 
characteristic  of  all  the  subclasses  of  the  Entomostraca,  and 
may  even  be  said  to  be  characteristic  of  the  Crustacea  as  a 
class,  since  it  also  crops  up  among  the  Malacostraca. 

Cyclops  in  relatio7i  to  Guinea-worm. — The  adult  guinea- worm,  of 
which  the  female  only  is  certainly  known,  is  a  subcutaneous  parasite  of 
man  in  India  and  South-western  Asia,  in  Tropical  Africa,  and  in  certain 
parts  of  South  America.  It  is  a  worm  that  may  attain  a  length  of 
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6  feet.  When  ripe  it  causes  the  formation  of  an  abscess  in  the  skin 
of  its  “  host,”  through  which  it  breaks  in  order  to  give  birth  to  its 
myriad  progeny  of  minute  embryos.  The  escaped  embryos,  which  are 
about  *5  mm.  long,  if  they  happen  to  be  washed  into  a  watercourse, 
attack  any  convenient  species  of  Cyclops.  According  to  some  authorities 
they  bore  through  the  body-wall  of  the  Cyclops,  but  Leiper  thinks  that 
they  enter  at  the  mouth.  If  many  embryos  attack  a  single  Cyclops  the 
result  is  fatal  ;  but  if  only  a  few  enter  they,  in  a  term  ranging  according 
to  temperature  from  two  to  eight  weeks,  undergo  a  metamorphosis  and 
become  quiescent  in  the  living  Cyclops.  What  subsequently  happens 
cannot  be  certainly  affirmed,  but  it  is  inferred  that  if  an  infected  Cyclops 
happen  to  be  swallowed  by  a  man  who  is  not  fastidious  about  his 
drinking-water,  the  quiescent  embryo  is  released  when  the  Cyclops  is 
duly  digested,  and  subsequently  fulfils  its  destiny  as  a  parasite  of  its 
final  host.  But  whether  the  guinea-worm  actually  reaches  man  in  the 
envelope  of  a  Cyclops,  or  whether,  as  seems  less  probable,  there  is 
another  post-Cyclopean  stage,  there  is  no  doubt  about  the  necessary 
intermediation  of  Cyclops. 

Prophylaxis  against  guinea-worm  seems,  therefore,  to  be 
entirely  a  question  of  scrupulous  attention  to  sources  of 
drinking-water  in  places  where  the  parasite  occurs.  Water 
containing  even  uninfected  Cyclops  is  certainly  not  fit  to 
drink;  but  if  it  must  perforce  be  used  it  should  first  be 
boiled.  A  well  known  to  contain  infected  Cyclops  may  (if 
the  populace  is  sufficiently  intelligent  not  to  suspect  sinister 
designs  upon  life  and  liberty)  be  treated  with  quick-lime  : 
\  per  cent  of  fresh  caustic  lime  added  to  water  containing 
Cyclops  and  Daphnia  kills  Daphnia  in  about  two  minutes 
and  Cyclops  in  five  to  ten  minutes.  Even  when  only  \  per 
cent  is  added,  all  the  Cyclops  and  all  the  Daphnia  are  dead 
within  the  hour. 

Caustic  potash  is  even  more  deadly.  Immersion  in  a 
0-15  per  cent,  solution  kills  Cyclops  instantaneously,  and 
immersion  in  a  solution  half  this  strength  is  fatal  to  Cyclops 
in  two  to  ten  minutes. 

The  last  experiment  has  often  been  confirmed  and 
demonstrated  to  the  class  of  Medical  Entomology  at  the 
London  School  of  Tropical  Medicine. 

It  would  be  quite  free  from  danger  to  add  either  caustic 
lime  or  caustic  potash  in  the  stated  proportions  to  a  well  of 
known  capacity. 
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Subclass  Branchiopoda. 

A  few  Branchiopoda  live  in  the  sea  and  in  brine-pools,  but  the 
majority  are  inhabitants  of  ponds  and  lakes.  They  have  not  come 
within  the  range  of  human  pathology,  though  the  smaller  members  of 
the  group  should  not  be  overlooked  by  an  investigator  in  search 
of  intermediate  hosts.  Most  are  small  ;  some  are  microscopic  ;  the 
largest  attains  a  length  of  i\  inches. 

The  segmentation  of  the  body  varies  within  wide  limits,  from  as 
many  as  42  segments  (in  addition  to  the  head)  to  as  few  as  6.  Large 
paired  eyes  (which  may  be  stalked)  are  usually  present,  but  may  be 
fused  together.  The  appendages  of  the  trunk  are  usually  leaf-like,  lobed 
swimming-feet,  which  also  function  as  gills  ;  hence  the  name  of  the 
group,  from  j3payxia  —  gills,  and  7rovs  =  foot.  Appendages  are  usually 
absent  from  the  posterior  segments. 

The  sexes  are  separate.  During  the  summer  months,  as  a  rule, 
only  females  are  found,  and  new  generations  arise  from  unfertilised 
eggs  ;  but  in  the  autumn  generation  males  appear,  and  fertilised  “  winter- 
eggs”  are  then  produced  which  do  not  hatch  until  the  spring. 


The  eggs  of  Branchiopods,  if  they  become  desiccated  by  the  drying 
up  of  their  pools,  may  retain  their  power  of  development  for  years,  until 
water  reaches  them  again.  This  fact  explains  the  sudden  appearance 
of  Branchiopods  in  the  rare  and  transient  storm-pools  of  arid  countries 
like  Baluchistan. 

Branchipus  (Fig.  194)  is  a  typical  Branchiopod.  Apus  diffeis  from 
Branchipus  chiefly  in  having  the  anterior  two-thirds  of  the  body  enclosed 
in  a  large  horse-shoe  carapace,  and  in  the  much  greater  length  of  the 
caudal  filaments.  In  Estheria  the  body  is  completely  enclosed  in  a 
bivalve  shell  like  that  of  a  small  fresh-water  mussel.  In  Daphnia,  which 
is  one  of  the  smallest  of  the  Branchiopods  and  consists  of  few  segments, 
the  body  is  encased  in  a  bivalve  shell  from  which  the  beak-like  head  and 
large  antennae  project. 

Subclass  OSTRACODA. 

The  Ostracoda  (darpaKudr] s  — shelly)  are  abundant  both  in  the  sea 
and  in  stagnant  water.  They  are  of  minute  size,  the  largest  species 
known  — a  relatively  gigantic  form  from  the  deep  sea  — being  not 
quite  an  inch  long.  The  body  is  completely  enclosed  in  a  bivalve 
shell,  is  unsegmented  or  very  indistinctly  segmented,  and  carries  very 
few  appendages. 
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Subclass  ClRRIPEDIA. 

This  subclass,  which  is  confined  to  the  sea  and  its  brackish  inlets, 
includes  the  barnacles  and  a  number  of  degenerate,  unsegmented, 
often  limbless  and  distorted  forms  which  are  either  rooted  or  burrow¬ 
ing  parasites  of  invertebrate  marine  animals  of  many  kinds.  Though 
fixed  as  adults,  almost  all  of  them  begin  life  as  an  active  nauplius, 
and  pass  through  a  second  free-swimming  phase  (Cypris  stage),  in 
which  they  are  enclosed  in  a  bivalve  shell  and  somewhat  resemble 
an  Ostracod.  From  this  transitory  condition  of  activity  the  retrograde 
change  into  the  sedentary  or  parasitic  adult  is  sometimes  quite  extra¬ 
ordinary.  Most  of  the  Cirripeds  are  hermaphrodite,  but  in  some  of 
the  parasitic  forms  the  sexes  are  separate ;  in  both  cases  dwarf 
males,  parasitic  on  the  hermaphrodite  or  on  the  female,  are  to  be 
found. 

The  barnacles,  which  encrust  most  things,  living  or  inanimate,  that 
float  in  the  sea  or  are  washed  by  the  waves,  attach  themselves  by 
their  head,  or  rather  by  their  antennules,  where  lie  the  openings  of 
special  cement-glands  for  this  purpose.  The  region  of  attachment  is 
sometimes  produced  to  form  a  long  fleshy  stalk.  The  animal  itself 
is  enclosed  in  a  very  complete  fold  of  the  integument,  or  mantle,  the 
outer  surface  of  which  is  fortified  by  plates  of  shell.  In  the  mantle- 
cavity — loose,  except  for  the  fixation  of  the  much-transformed  head — 
lies  the  body  of  the  animal,  with  six  pairs  of  biramous  tendril-like 
thoracic  appendages  vibrating  at  the  opening  of  the  shell  and  raking-in 
food.  In  addition  to  these  curly  appendages,  or  cirri,  there  are  three 
pairs  of  short  mouth-appendages  ;  but  the  antennules  are  altered  and 
functionless,  and  the  antennae  disappear  altogether. 

Among  the  parasitic  Cirripeds  the  order  of  Rhizocefthala  may  be 
instanced.  These,  which  infest  higher  Crustacea,  particularly  crabs, 
are,  in  the  adult  stage  mere  swollen  bags,  without  segmentation,  without 
appendages,  “sans  everything”  except  ovary  and  testes.  In  the 
absence  of  an  alimentary  canal  nourishment  is  absorbed  by  a  mass  of 
rootlets  that  ramify  throughout  almost  every  organ  and  tissue  of  the 
“host”  in  which  they  are  embedded.  A  common  form  is  Sacculina , 
parasitic  on,  or  in,  crabs.  Sacculina  is  hatched  as  a  nauplius,  and 
becomes  a  “  cypris,”  differing  from  those  of  other  Cirripeds  only  in  the 
absence  of  an  alimentary  canal.  After  a  brief  existence  in  the  free 
state,  the  cypris  larva  first  attaches  itself  to,  and  then  after  certain  trans¬ 
formations  burrows  into  the  crab,  and,  as  an  internal  parasite,  undergoes 
a  further  remarkable  series  of  transformations,  or  reconstructions,  which 
end  in  the  formation  of  the  ramifying  absorptive  roots  and  the  sack-like 
body  of  the  adult.  When  these  are  fully  grown  the  sack-like  body 
breaks  through  the  soft  integument  of  the  crab’s  abdomen  and  becomes 
external ,  the  roots  of  attachment  and  absorption  remaining  deeply 
embedded  in  the  tissues  of  the  host. 
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Subclass  Malacostraca. 

This  subclass,  though  it  contains  plenty  of  small  forms, 
includes  all  the  large  Crustacea,  and  all  those  that  are  found 
in  the  food-market. 

The  number  of  segments  is  usually  21  (or  20  if  the 
region  of  attachment  of  the  eyes  be  excluded),  but  in  one 
little  group  ( Nebalia  and  allied  forms)  there  are  22  segments. 
Of  the  segments  6  are  supposed  to  form  the  head,  8  com¬ 
pose  the  thorax,  and  7  (or  8  in  the  little  Order  where  Nebalia 
belongs)  are  abdominal.  The  abdomen  very  rarely  ends  in 
a  caudal  fork  like  that  of  the  Entomostraca.  The  terminal 
segment  never  carries  appendages. 

The  new-hatched  young  is  generally  unlike  the  adult, 
but  is  exceptionally  a  nauplius. 

The  Malacostraca  are  usually  distributed  in  nine  Orders. 

Order  DECAPOD  A. 

This  Order  (§e/ca  =  ten,  and  7roiA  =  foot),  which  comprises  Prawns, 
Lobsters,  Hermit-crabs,  and  Crabs,  is  so  called  because  the  five  posterior 
pairs  of  thoracic  appendages  are  usually  legs. 

The  body  consists  of  (1)  a  large  cephalothorax,  formed  of  the  head- 
segments,  which  are  indistinguishably  fused,  and  of  the  thoracic 
segments,  most  of  which  are  immovably  united,  and  of  (2)  an 
abdomen  formed  of  7  segments  which  are  usually  distinct  and  separate. 

The  cephalothorax  is  enclosed  in  a  large  dorsal  shield,  or  “shell,” 
or  carapace.  The  carapace  overlaps  the  cephalothorax  on  either  side, 
so  as  to  leave  a  space — the  gill-chamber— for  the  gill-plumes,  which  are 
attached  to  some  or  all  of  the  appendages  of  the  thorax.  Currents  of 
water  are  drawn  through  the  gill-chambers  by  peculiarly  modified 
processes  of  the  jaws  and  foot-jaws  and  sometimes  of  some  of  the  legs. 
These  currents  usually  pass  in  at  the  bases  of  the  legs  and  pass  out 
near  the  mouth. 

In  the  typical  Decapod  every  segment  except  the  last  carries  a  pair 
of  appendages,  but  there  are  numerous  forms  in  one  or  both  sexes  of 
which  some  of  the  abdominal  appendages  are  suppressed. 

The  appendages  of  the  head  are  the  eyes,  which  are  often  carried 
on  stalks  ;  the  antennules,  which  are  branched  and  contain  in  their 
basal  segment  an  otocyst  or  statocyst  ;  the  antennae,  on  the  base  of 
which  the  excretory  organs  open  ;  the  mandibles,  which  are  strong  and 
tooth-like  ;  the  maxillules,  and  the  maxillae.  The  last  two  are  branched, 
lobed,  setose  plates  and  lie  like  leaves  on  the  mandibles. 

The  appendages  of  the  thorax  are  not  so  diversified  as  those  of  the 
head.  The  first  three  pairs  are  more  or  less  intermediate  in  structure 
between  jaws  and  legs :  they  are  crowded  together  in  front  of  the 
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mouth  and  are  known  as  foot-jaws,  or  maxillipeds.  The  last  five  pairs 
are  legs  ;  any  of  them  may  end  in  nippers  (chelae),  and  one  of  them — 
the  first  or  second — may  be  enormously  enlarged  and  may  end  in 
particularly  large  and  powerful  chelae  for  tearing  and  grasping  food. 

The  appendages  of  the  abdomen  are,  usually,  biramous,  feathery,  or 
leaf-like  swimming-organs.  Those  of  the  6th  segment  are,  commonly, 
of  pre-eminent  size,  and  form  with  the  terminal  limbless  segment,  or 
telson,  a  large  tail-fan,  with  which,  by  powerful  strokes  of  the  abdomen, 
the  animal  swims  backwards.  In  most  Decapods  the  first  two  pairs  of 
abdominal  appendages  of  the  male  are  modified  in  some  way  for  sexual 
purposes,  and  many  of  the  abdominal  appendages  of  the  female  are 
used  for  carrying  the  eggs,  being  sometimes  used  exclusively  for  this 
purpose  (e.g.  in  crabs). 

The  capacious  stomach  of  the  Decapods  is  furnished  with  strong 
calcareous  grinders  and  is  a  masticatory  organ. 

The  reproductive  organs  open  either  on  the  basal  segment  of  a 
pair  of  the  thoracic  legs,  or  on  the  sternum  in  that  vicinity — those  of 
the  male  on  the  last  pair,  those  of  the  female  on  the  antepenultimate 
pair. 

The  Decapoda  may  conveniently  be  marshalled  in  three  series — 
Macrura,  Anomura,  and  Brachyura. 

The  Macrura  (,ua/c/)6s  =  long,  and  ovp&  =  tail)  are  the  Prawns,  Shrimps, 
Lobsters,  and  Crayfish.  The  body  is  elongate,  and  the  abdomen,  which 
is  greatly  developed,  ends  in  a  large  fin-like  tail-fan.  They  live  in 
fresh  water  as  well  as  in  the  sea,  and  are  eaten  in  all  parts  of  the 
world.  Many  of  them  are  scavengers,  and  though  it  would  be  quite 
unreasonable  to  condemn  salt-water  species  on  this  account,  the  case 
is  altogether  different  with  those  that  are  taken  in  fresh  water, 
especially  in  stagnant  water  in  the  tropics,  which  is  liable  to  dangerous 
and  disgusting  contamination. 

The  Anomura  (avo/xos  =  irregular,  and  ovp&  =  tail)  include  the  Hermit- 
crabs,  Rock-hermits,  Mole-crabs,  and  others.  In  these  the  body  is 
either  less  elongate,  or  may  even  be  squat  ;  the  abdomen  is  less-massive, 
and  the  tail-fan  is  reduced,  hardly  ever  forming  a  large  fin.  The 
abdomen  either  is  soft  and  spirally  coiled,  or,  if  well  calcified,  is  more 
or  less  bent  or  rolled  under  the  cephalothorax.  Even  in  the  most 
lobster-like  of  them  the  abdomen  is  flexed,  and  even  in  the  most  crab¬ 
like  of  them  there  is  either  a  tail-fan  or  some  asymmetry  of  the 
abdomen  ;  while  the  typical  hermit-crabs  use  a  cast-off  shell  as  a 
protection  for  their  soft  abdomen.  Among  the  Anomura  there  is  one 
family — the  Cce?iobitidce — of  dwellers  on  land,  and  these  are  industrious 
scavengers,  especially  on  the  islands  and  seaboards  of  the  Indo-Pacific. 
One  of  the  Ccenobitidce — the  Robber-crab  ( Birgus  latro )  of  the  Indo- 
Pacific — attains  an  enormous  size  and  a  weight  of  at  least  6  lb.  ;  it  is 
eaten,  and  is  spoken  of  in  the  account  of  Drake’s  famous  voyage  of 
circumnavigation  as  “good  and  restorative  meat,”  being  a  vegetarian 
rather  than  a  scavenger. 
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The  Brachyura  short,  and  ovpa  =  tail)  are 

well  known  as  crabs.  Here  the  body  is  rarely  elongate,  and 
the  abdomen,  which  is  often  ill-developed,  is  permanently 
bent  under  and  more  or  less  concealed  by  the  thorax,  and 
never  ends  in  a  tail-fan.  The  abdominal  appendages  are 
reduced,  in  the  males  to  two  pairs,  which  are  modified  for 
sexual  purposes,  and  in  the  females  to  four  pairs,  which  are 
used  for  the  attachment  of  the  eggs.  Most  of  the  crabs  are 
marine  and  littoral,  but  some  of  them  inhabit  brackish  water, 
not  a  few  are  amphibious  and  burrowing ;  there  is  one  large 
family  that  is  restricted  to  fresh  water  (ponds  and  streams), 
and  a  certain  number  live  on  land.  All  crabs  are  scavengers, 
and  for  this  reason  the  fresh-water  species  should  be 
regarded  with  suspicion  in  thickly  populated  areas,  and  the 
land-crabs  should  be  avoided  altogether  as  food. 

Recently  Kakagowa  in  Formosa  and  Sadao  Yoshida  in 
Japan  have  stated  that  some  of  the  local  fresh-water  crabs  are 
hosts  of  the  cercaria  stage  of  the  lung-fluke,  Paragonimus 
westermanni ,  a  fluke  which  is  a  common  parasite  of  man  in 
China  and  Japan  and  has  a  still  more  extensive  distribution 
as  a  parasite  of  certain  domestic  animals.  The  cercariae  were 
found  by  these  observers  encysted  mostly  in  the  gills,  but 
also  in  the  muscles  and  liver,  in  the  following  species, 
Potamon  obtusipes  and  P.  de  Haani ,  Sesarma  de  Haani ,  and 
Eriochir  japonicus. 

Sesarma  and  Eriochir  belong  to  a  large  family — Grapsidce — 
the  members  of  which  are  among  the  most  adventurous, 
vigilant,  and  cunning  of  all  the  Crustacea.  The  Grapsidce 
again  are  one  of  the  numerous  families  of  a  large  tribe — 
the  Catometopa — the  badges  of  which  are  the  very  broad 
“  front,”  or  space  between  the  eyes  ;  the  large  gill-chambers  ; 
and  the  location  of  the  male  genital-openings  on  the  sternum 
opposite  the  last  pair  of  legs,  instead  of  on  the  basal  segments 
of  those  legs  as  is  the  case  with  other  crabs.  Many  of  the 
Grapsidce  are  gregarious,  most  of  them  are  or  tend  to  be 
amphibious :  some  species  live  in  the  crannies  of  cliffs  and 
precipitous  rocks ;  others  inhabit  wastes  of  seaweed  lying 
afloat  in  the  open  seas  far  from  land,  or  rove  across  the 
ocean  on  drift  logs  or  on  the  hulls  of  ships;  many  species 
haunt  the  flats  and  brackish  swamps  of  tropical  estuaries 
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and  backwaters ;  others  have  travelled  far  inland  up  riveis 
and  into  fresh  waters ;  some  have  become  land-crabs,  though 
these  must  not  be  confused  with  the  GecarcimdcB  or  true 
Land-crabs. 

The  genus  Sesarma  (craLpco  —  to  grin  like  a  dog)  may  be 
distinguished  by  its  quadrangular  and  deep  carapace,  with 
its  “front”  almost  vertically  deflexed,  and  the  eyes  at  its 
very  angles  :  quite  distinctive  is  the  beautifully  regular,  fine- 
meshed  lattice-work  of  granules  and  short  curved  bristles 
all  converging  to  a  definite  point — covering  the  extensive 
side-walls  of  the  carapace  :  equally  distinctive  are  the  deep 
grooves  running  along  the  carapace  on  either  side  from  the 


upper  angle  of  the  vestibule  of  the  mouth  to  the  eye,  and  the 
hairy  ridges  running  obliquely  across  the  outer  foot-jaws 
that  close  the  mouth-cavern:  between  these  foot-jaws  is  a 
lozenge-shaped  gap  which  exposes  the  tooth-like  mandibles, 
suggesting  the  generic  name.  The  species  of  Sesarma  are 
found  throughout  the  tropics;  though  most  of  them  are 
marine  and  estuarine,  some,  like  vS.  de  Haam ,  inhabit  fresh 
water.  The  grooves  and  lattice-work  of  the  side  walls  of  the 
carapace  are  parts  of  an  apparatus  for  keeping  the  gills 
irrigated  and  serated  when  these  crabs  are  out  of  water.  . 

The  genus  Eriockir  (epiov  =  wool ;  yap  =  hand)  is  restricted 
to  Japan  and  the  territories  adjacent :  the  carapace  is  rather 
flat,  square,  with  serrated  sides  and  a  front  cut  into  four 
sharp  teeth.  Eriochir  japonicus  (Fig.  195)  has  the  “  hands  ”  of 
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its  nippers  enveloped  in  great  mittens  of  thick  soft  hair:  it 
grows  to  a  considerable  size ;  it  is  found  in  brackish  water, 
but  also  travels  far  up  rivers  into  fresh  water  and  is  also 
found  inland. 

The  genus  Potamon  {irorafio^  —  river)  is  one  of  a  large 
family — P otamonidce — of  fresh-water  crabs  having  much  the 
facies  (broad  “  front,”  broad  sternum,  capacious  gill-chambers) 
of  land-crabs,  but  differing  from  the  latter  in  the  location  of  the 
openings  of  the  male  genital  ducts  on  the  basal  segment  of 
the  last  pair  of  legs.  Though  a  few  species  can  exist  in 
brackish  water  and  several  species  inhabit  damp  jungle,  the 
Potamonidae  are  typical  denizens  of  fresh  water,  being  found 
in  ponds,  lakes,  marshes,  streams,  and  rivers  throughout  the 


tropics  and  warmer  parts  of  the  temperate  zone,  from  the 
plains  to  elevations  of  at  least  8000  feet.  Poiamon  de  Haani 
(Fig.  196)  and  P.  obtusipes  are  small  crabs,  but  some  of  the 
Potamonidae  attain  a  respectable  size. 

The  other  Malacostraca  can  merely  be  mentioned,  Order  by  Order. 
None  are  used  as  food,  though  some— and  their  larvae — are  of  economic 
importance  as  contributing  to  the  sustenance  of  fishes.  Some  of  those 
Isopoda  that  are  parasitic  on  fishes  and  prawns  may  come  under  the 
notice  of  the  medical  officer. 

Order  Leptostraca. 

The  Leptostraca,  or  Nebaliacea,  are  small  marine  Crustacea,  only 
one  species— living  in  the  great  depths  of  the  sea— exceeding  half  an  inch 
in  length.  The  tail  ends  in  a  caudal  fork  like  that  of  most  Entomostraca, 
and  the  anterior  half  of  the  body  is  enclosed  in  a  bivalve  shell  like  that  of 
the  Osti  acods  and  certain  Phyllopods — but  transparent.  The  eight  pairs 
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of  thoracic  appendages  are  all  alike,  and  are  commonly  leaf-like,  some¬ 
what  resembling  those  of  the  Phyllopods.  The  Nebaliacea  differ  fiom 
all  other  Malacostraca  in  having  8  abdominal  segments  and  a  long- 
caudal  fork. 

Order  Syncarida. 

This  Order  includes  two  living  species,  both  of  small  size,  of  which  one 
is  found  in  mountain  pools  in  Tasmania,  and  the  other  in  fiesh-watei 
pools  in  South-eastern  Australia.  They  resemble  small  Amphipoda  (see 
below),  the  body  being  elongate  and  not  having  a  carapace,  and  all  the 
segments  behind  the  head  being  distinct  from  one  another  ;  but  they 
differ  conspicuously  from  Amphipods  in  having  biramous  thoracic  legs. 

Order  SCHIZOPODA. 

A  few  members  of  this  Order  are  found  in  fresh  water,  but  the 
majority  are  marine,  living  at  or  near  the  surface  of  the  ocean.  Most 
are  quite  small,  but  a  comparatively  gigantic  species  from  the  deep  sea 
attains  a  length  of  6  inches.  The  Schizopods  much  resemble  small  and 
delicate  prawns,  from  which  they  are  distinguished  by  the  form  of  the 
thoracic  appendages,  all  of  which,  generally,  are  feathery,  biramous 
swimming-feet  with  gill-plumes  (when  present)  freely  projecting  fiom 
them. 

Order  Cumacea. 

These  are  small  or  minute  Crustacea  found  only  on  the  sea-bottom. 
They  can  usually  be  recognised  by  their  large  swollen  cephalothorax,  the 
anterior  part  of  which  is  enclosed  in  a  carapace,  by  their  long  and  veiy 
slender  abdomen,  and  by  their  strong  cuticle. 

Order  Tanaidacea. 

Minute  Crustacea  living,  often  in  tubes,  at  the  bottom  of  the  sea. 
The  body  is  slender  and  elongate,  there  is  a  small  carapace  which 
includes  the  head  and  the  first  2  thoracic  segments,  and  the  second  pair  of 
thoracic  legs  are  large  chelipedes.  Except  for  the  presence  of  a  small 
carapace  they  resemble  Isopoda  (see  below). 

Order  Isopoda. 

Of  the  members  of  this  Order  the  majority  are  marine,  but  some  live 
in  fresh  water  and  in  subterranean  waters,  and  one  whole  tribe  the  wood¬ 
louse  tribe — is  terrestrial.  Of  the  marine  species  many  are  parasitic  on 
fishes,  on  other  Crustacea  (including  Crustacea  that  are  themselves 
parasites),  and  on  other  marine  animals.  All  degrees  of  parasitism  are 
illustrated — from  predatory  ectoparasites  showing  no  sort  of  deterioration, 
to  sessile  ectoparasites  and  internal  parasites  so  utterly  degenerate  and 
deformed  as  to  have  lost  all  resemblance  to  segmented  animals.  Among 
some  of  these  parasites,  again,  sexual  anomalies  are  frequent :  some  are 
hermaphrodite,  some  begin  life  as  males  and  end  as  females,  while  in 
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others  the  male  is  a  grub-like  dwarf-parasite  of  the  parasitic  female. 
Good  instances  of  this  last  kind  of  involved  parasitism  are  supplied  by 
the  Boftyridce  which  are  common  parasites  in  the  gill-chambers  of 
prawns,  etc. 

In  the  free-living  Isopoda  the  body  is  generally  of  a  broadish  oval 
form,  and  is  well  segmented ;  there  is  no  carapace  ;  the  thoracic 
appendages  are  strong  legs  for  crawling  and  clinging ;  and  the 
abdominal  appendages  are  broad  plates  for  swimming  and  for  respira¬ 
tion.  One  of  the  deep-sea  Isopods  reaches  the  extraordinary  length  of 
nearly  1 1  inches,  but  few  others  attain  a  quarter  this  size,  and  some  are 
quite  small.  Some  Isopods,  particularly  in  tropical  seas,  burrow  into, 
and  do  damage  to,  submerged  woodwork. 

Order  Amphipoda. 

Most  of  the  Amphipoda  are  marine  and  oceanic  ;  some,  however,  such 
as  the  common  sand-hopper — which  is  a  good  type  of  the  Order — are 


littoral  and  amphibious  ;  not  a  few  live  in  lakes,  streams,  wells,  and 
underground  waters  ;  a  few,  such  as  the  whale-lice,  are  external  parasites. 

The  body  in  this  Order  is  laterally  compressed  and  usually  elongate  ; 
there  is  no  carapace  ;  the  thoracic  appendages  are  legs  for  crawling  and 
clinging  ;  while  of  the  abdominal  appendages  the  three  anterior  pairs  are 
feathery  swimming-feet,  and  the  three  posterior  pairs  are  directed  back¬ 
wards  and  are  commonly  adapted  for  springing. 

In  the  typical  Amphipods  the  four  anterior  pairs  of  thoracic  legs  are 
bent  forwards  at  the  base  and  backwards  at  the  tip,  while  in  the  three 
posterior  pairs  these  directions  are  reversed — a  condition  to  which  the 
Order  owes  its  name.  Most  Amphipods  are  small. 

Fresh-water  species  of  the  widely  distributed  genus  Gaminarus  (Fig. 
197)  are  in  some  places  very  destructive  to  mosquito-larvae. 

Order  Stomatopoda. 

The  Locust-shrimps,  or  Mantis-shrimps,  are  a  very  well-characterised 
Order  of  predatory  marine  Crustacea.  The  anterior  part  of  the  elongate 
body  is  covered  by  a  small  carapace,  which,  however,  leaves  at  least  the 
4  posterior  segments  free  ;  the  abdomen  is  long  and  large,  and  all  its 
segments  except  the  last  carry  biramous  swimming-plates  to  which  the 
gill-tufts  are  attached  ;  and  the  last  abdominal  segment  is  a  broad 
spinose  plate  and  forms  with  the  enlarged  sixth  pair  of  appendages  a 
powerful  tail-fan.  The  first  five  pairs  of  thoracic  appendages  are  prehen- 
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sile  legs,  the  terminal  joint  of  which  is  usually  sharply  serrated  and 
closes  against  the  penultimate  joint  like  the  blade  of  a  pocket-knife.  The 
second  pair  of  these  remarkable  legs  is  greatly  enlarged,  and  forms  a 
terrible  raptorial  weapon.  The  eyes  are  large  and  are  set  on  movable 
stalks,  as  in  the  Decapoda  and  Schizopoda.  The  largest  Stomatopods 
exceed  a  foot  in  length,  while  the  smallest  are  about  \\  inches  long.  The 
Stomatopods  either  burrow  in  the  mud  of  the  sea-bottom  or  live  in 
crevices  in  coral-reefs. 
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Accidental  parasites,  18,  19 
Acridiidae,  284 
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calopus,  84 
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Aleurobius,  331 
Allobosca,  213 
Amblyomma,  310,  313 
Amphipoda,  362 
Analginae,  327 
Anapterygota,  38 
Anastatus  viridiceps,  253 
Anobium  paniceum,  269 
Anomura,  357 

Anopheles,  African  species,  98-105 
and  malaria  parasites,  21, 
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American  species,  1 15-120 
Australian  species,  120 
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European  species,  98 
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Anopheles,  larva  of,  61,  95 
Oriental  species,  105-114 
species  of  S.W.  Asia,  114-115 
subgenus,  96 
Anophelini,  76,  93-120 
Anoplura,  240-247 
Antarctophthirius,  246 
Antennae  of  Diptera,  42,  43 
Antepygidial  bristles,  219 
Anthomyidae,  163,  203 
Anthophila,  256 
Anthrenus  scrophulariae,  268 
Antisquama,  47 
Ant-lions,  296 
Ants,  260 
“  Ants5  eggs,55  260 
Apatolestes,  149 
Aphidae,  238 
Aphis-lions,  296 
Apioceridae,  142,  155 
Apiochaeta  ferruginea,  158-160 
Apocampta,  149 
Aponomma,  310,  313 
Apterygota,  37 
Apus,  354 

Arachnida,  16,  299-340 
Aradidae,  237 
Araecerus,  272 
Araneida,  336-339 
Archinycteribia,  215 
Argantinae,  3 15-321 

pathonomy  of,  316,  318,  320 
Argas,  316 

persicus,  316,  317 
reflexus,  316,  318 
synopsis  of  species,  316-317 
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Argulus,  350 
Armigeres,  88 
Arribalzagia ,  96 
Arthropoda  as  “Carriers,”  19-24 
as  parasites  of  man,  17-19 
classification  of,  15-16 
definition  and  characters,  12-15 
venomous,  24 
vitiating  provisions,  24-25 
Ascalaphidse,  296 
Aschiza,  55,  157-160 
Ascodipteron,  210 
Asilidse,  142,  153-154 
Auchmeromyia,  166,  174 
Australian  region  defined,  8 

Baits  for  flies,  172 
Barbeiro,  237 
Barnacles,  355 
Bat-flies,  213-215 
Bat-mites,  327 
Bdellidas,  303,  332 
Bdellolarynx,  177,  184 
Bed-bugs,  233-235 
destruction  of,  234 
eggs  of,  234 
Bees,  256-257 
stings  and  venom,  255 
Beetle-mites,  322,  327 
Beetles,  263-273 

destructive  to  grain  and  pro¬ 
visions,  267-272 
Belostomatidae,  238 
Bembex,  259 
Bengalia,  176 
Bibionidae,  57,  140 
Bird-lice,  248 
Bird-mites,  326,  327 
Birgus  latro,  357 
Bironella  gracilis,  97 
Biscuit-weevil,  269 
Biting-lice,  248 
Blattidae,  282 
Blepharoceridae,  56,  140 
Blister-beetles,  271 
Blood-sucking  lice,  240-247 
Blood-sucking  midges,  121-136 
Blood-sucking  Muscidas,  1 77-201 


Blood- worms,  129 
Blow-flies,  172,  173 
Blue-bottles,  172,  173 
Boatman-bugs,  238 
Body-louse,  243 
Bogeria,  207 
Bolbodimyia,  146 
Bombyliidse,  142,  155 
Book-lice,  288-289 
Book-scorpions,  300 
Boophilus,  310,  312 
Bopyridae,  362 
Bot-flies,  204 
Bothriuridae,  336 
Bouvierella,  150 
Brachycera,  54,  141-156 
Brachypteromyia,  213 
Brachytarsina,  214 
Brachyura,  358 
Braconidae,  253 
Branchiopoda,  354 
Branchipus,  354 
Braulidse,  210 

Breeding-places  of  Anopheles,  68 
Bristles  of  Diptera,  50 
Bruchidas,  272 
Burying-beetles,  266 
Buthidas,  335 

Caddis-flies,  297 
Cadicera,  149 

Calamistrum  of  spiders,  337 
Calandra,  272 
Calliphora,  165,  172 
Callus  of  Tabanidae,  143 
Calvertina ,  96 
Calyptrate  Muscoidea,  163 
Camerostome,  315 
Canestriniinae,  327 
Cantharid  beetles,  269 
Capitulum  of  Acarina,  301,  304 
Carabidae,  265 
Carpet-beetle,  267,  268 
Carpoglyphus,  331 
Carpophilus,  25,  268,  269 
“Carrier,”  definition,  19-21 
Caterpillars,  destructive  to  grain, 
etc.,  276-279 
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Cat-flea,  225 

Cecidomyidas,  56,  138-139 
Cellia ,  96 

“  Cells  ”  of  wing,  49 
Centipedes,  344-347 

“  synopsis  of  families,  346 
Cephalomyia,  206 
Cephenomyia,  206 
Cerambycidae,  272 
Ceratophyllus,  223,  225 
Ceratopogoninae,  1 30-1 31 
Cercopidae,  238 
Chactidae,  336 
Chaerilidae,  336 
Chagasia ,  96 
Chalcididae,  253 
Chaoborus,  73-74 
Cheese-maggot,  162 
Cheese-mite,  330 
Chelicerae  of  Arachnida,  299 
Cheyletidae,  332 
Chiastopsylla,  223,  226 
Chilopoda,  344,  345 
Chironomidse,  57,  128-131 
Chironomus,  128,  129 
Chitin,  13 
Chlorops,  162 
Choeromyia,  174 
Chorioptes,  326 
Christophersia ,  96 
Christya,  96 
Chrysididae,  255 
Chrysomelidae,  272 
Chrysomyia,  165,  173 
Chrysopidae,  296 
Chrysops,  149,  1 5 1-1 53 
dimidiata,  152 
fixissima,  152 
silacea,  152 
Cicadas,  238 
Cicindelidae,  265 
Cigar-weevil,  269 
Cimex,  232 

lectularius,  233-235 
rotundatus,  235 
other  species,  235 
Cimicidae,  232 
Cirripedia,  355 


Classification  of  Animals,  1-5 
Clothes-moths,  278 
Cluster-fly,  172 
Cnemidocoptes,  326 
Coarctate  pupa,  52 
Cobboldia,  205 
Coccidae,  238 
Cockroaches,  282 
Cocoon,  53 
of  flea,  222 
of  Lepidoptera,  275 
of  spiders,  337 
Ccenobitidae,  357 
Coenoprosopon,  150 
Coleoptera,  263-273 
Collembola,  290 
Colorado  beetle,  272 
Commensalism,  18 
Congo  floor-maggot,  174 
Coniopterygidae,  296 
Connexivum  of  bugs,  231 
Conopidae,  161 
Conorhinus,  236 
species  of,  237 
Copepoda,  350 
Corcyra  cephalonica,  277 
Cordylobia,  166,  175 
Cordyluridae,  162 
Corethra ,  73 
Corethrella,  75 
Corethrinae,  73-75 
Corixidae,  238 
Corizoneura,  149 
Corrodentia,  288 
Crab-louse,  244 
Crabs,  357 

Cribellum  of  spiders,  337 
Crickets,  285 
Crustacea,  348-363 
Cryptopinae,  346 
Ctenocephalus,  223,  225 
Ctenophthalmus,  223,  226 
Ctenopsylla,  223,  226 
Cuckoo-wasps,  255 
Cucujidae,  267 
Culex  fatigans,  80-81 
genus,  80 
group,  80-83 
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Culex,  species  of,  81-82 
Culicidae,  characters,  57-65 
eggs,  59-6o 
larvae,  60-63 
pupa,  64 
Culicimyia,  82 
Culicinae,  73,  75 
Culicini,  75,  78-92 
Culicoides,  129,  13 1 
Culiseta,  82 
species,  83 
Cumacea,  361 
Curculionidse,  272 
Cuterebra,  207 
Cyclolepidopteron ,  96 
Cyclopodia,  215 
Cyclops,  351 

and  guinea-worm,  22,  23,  352 
destruction  of,  in  wells,  353 
Cynipidae,  252 
Cynomyia,  202 
Cypris,  355 

Dactylomyia ,  96 

Daphnia,  354 

Darwin  on  Organic  Environment, 

1 1 

Dasybasis,  146 
Death-watches,  269 
Decapod  Crustacea,  356 
Demodicidae,  303,  331 
Demodex,  331 
Demoplatus,  150 
Dermanyssus,  322 
Dermatobia,  207,  208 
Dermatocentor,  309,  313 
venustus,  314 
Dermatcestrus,  206 
Dermatophilidae,  227 
Dermatophilus,  227,  228 
penetrans,  227,  228 
Dermestes,  larva,  268 
Dermestidae,  267,  268 
Desvoidea,  88 
Devil’s  coach-horses,  266 
Dexiidae,  163,  204 
Diachlorus,  146 
Diatomineura,  149 


Dichelacera,  146 
Dicrania,  148 

Dicranomyia,  137 
Digger-wasps,  257-260 
Dilophus  febrilis,  140 
Dinocerites,  79,  83 
Diplopoda,  344,  347 
Diploptera,  257 
Diptera,  39 
antennae,  42,  43 
bristles,  50 
classification,  54,  55 
larvae,  5  1,  52 
mouth-parts,  43,  46 
pathonomy,  39,  42 

pupae,  53,  54 
wings,  47-50 
Dispersal  by  Man,  10 
Dixa,  larva,  138 
Dixidae,  56,  137,  138 
Dog-flea,  225 
Dog-louse,  247 
Dolichopodidae,  142,  1 54-15  5 
Dorcalaemus,  149 
Dorso-central  bristles,  50 
Dragon-flies,  293-295 
Drosophilidae,  162 
Dysodius  lunatus,  236,  237 
Dytiscidae,  265 
Dytiscus  larva,  265,  266 

Earwigs,  281 
Echidnophaga,  227,  228 
gallinacea,  228 
Echinophthirius,  246 
Eggs  of  Anopheles,  58,  94 
of  Auchmeromyia,  174 
of  bedbug,  234 
of  blow-flies,  173 
of  Culicidae,  59-60 
of  Diptera,  35-36 
of  flea,  221 
of  house-fly,  167 
of  lice,  242 

of  Porocephalus,  342,  343 
of  Stegomyia  fasciata,  86 
of  Stomoxys,  179 
ofTabanidae,  143,  144 
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Eggs  of  ticks,  306 
Elytrum  of  bug,  232 
Embiida,  288 
Empididse,  142,  154 
Empodium  of  Diptera,  47 
Endopterygota,  38 
Enemies  of  Culicid  larvae,  7°~7l 
Entomostraca,  350 
Enyaliopsis  petersi,  284 
Ephemerida,  292-293 
Ephestia  kuehniella,  277 
Ephydridae,  162 
Erephrosis,  149 
Eriochir  japonicus,  359 
Eriophyidae,  303,  331 
Eristalis  larva,  158 
Esenbeckia,  150 
Estheria,  354 
Ethiopian  Region,  8,  9 
Eucampsipoda,  215 
Euctenodes,  214 
Euhaematopinus,  247 
Eumenidae,  257 
Evaniidae,  253 
Eyes  of  Arthropoda,  1 5 
Exopterygota,  37 

Feltinella ,  96 
Fever-fly,  140 

Filaria  and  mosquitoes,  22,  66 
Finlaya,  91 
Fish-insect,  289 
Fleas,  216-229 

classification,  223,  227 
cocoon,  222 
destruction  of,  228-229 
duration  of  life,  217-218 
larva,  221 
pathonomy  of,  217 
pupa,  222 
structure,  218-220 
Flies,  pathonomy  of,  39-42 
Flight  of  house-fly,  169 
of  mosquitoes,  65 
Flour-mite,  329,  331 
Fly-sprays,  172 
Fly-traps,  171,  172 
Forficulidae,  281 


Formicidae,  260 
Fossorial  wasps,  257-260 
Fowl-mites,  322,  326,  327 
Fowl-tick,  317 
Fulgoridas,  238 
Fumigation,  29-30 
Fungus-gnats,  139 
“  Fura  Glarva,  265 

Galeodid^e,  340 
Galgulidae,  238 
Gall-flies,  252 
Gall-gnats,  138-139 
Gamasidae,  303,  322 
Gammarus,  362 
Gastrophilus,  205,  207 
Gastroxides,  150 
Gelechia,  278 

Geographical  distribution,  7-9 
Glossina,  1 77,  185-201 

and  Trypanosomiasis,  22, 

23 

characters,  185-189 
distribution,  189 
male  genitalia,  194 
parasites  of,  192 
pathonomy  of,  23,  189-191 
reproduction,  188 
sanitary  control,  191-192 
synopsis  of  species,  192-194 
Glossina  brevipalpis,  200 
morsitans,  197-198 
palpalis,  195-197 
Glycyphagus,  330 
Glyptocranium,  338 
Gnathocerus  cornutus,  271 
Goniops,  149 

Grain-pests,  267-273,  276-279,  327, 
330 

Gregarious  bees,  257 
Grocer’s-itch,  330 
Gryllidae,  285 
Gyrinidae,  266 
Gyrinus  larva,  266 
Gyrostigma,  205 

H  .EM  APHYS  ALLIS,  309,  314 
Haematobia,  177,  183 
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Haematobosca,  177,  184 
Haematodipsus,  247 
Haematomyidium,  131 
Haematomyzus,  246 
Haematopinoides,  247 
Haematopinus,  246 
Haematopota,  145,  147 
Halacaridas,  303,  332 
Haliplidae,  266 
Haller’s  organ,  305 
Halobates,  238 
Halteres,  48 
Harvest-mites,  323 
Head  of  Insecta,  42 
Head-louse,  243 
Hemimerus,  281 
Hermit-crabs,  357 
Hessian-fly,  139 
Heteromera,  264,  269 
Heteroptera,  232 
Hexatoma,  145 
Hexisopodidae,  340 
Hippobosca,  209,  212 
Hippoboscidae,  211-213 
synopsis  of  genera,  2 12-2 13 
Hippocentrum,  146 
Holarctic  Region,  9 
Holcoceria,  146 
Holothyreidae,  302,  332 
Homalomyia,  203 
Homoptera,  238-239 
Hoplopleura,  247 
Hoplopsyllus,  223,  225 
Hornet’s  sting,  254,  255 
Horntails,  252 
House-fly,  166-172 

egg,  larva,  pupa,  167-168 
sanitary  control,  169-172 
Household  pests,  267-273,  288, 
276-279,  282,  287,  290,  330 
Human  flea,  224 

Huxley  on  geographical  distribu¬ 
tion,  8 

Hyalomma,  310,  312 
Hydrachnidae,  303,  332 
Hydrometridae,  237 
Hydrophilidae,  266 
Hydrotaea  dentipes,  203 


Hymenoptera,  249-261 
Hypoderma,  206,  207 
Hypopleural  bristles,  50 
Hypopus,  330 
Hypopygium,  187 
Hypostome,  304 
Hystricopsylla,  223,  226 

ICHNEUMONIM,  253 
Insecta,  class  characters,  31-37 
metamorphosis,  36-37 
orders,  37-38 
reproduction,  35 
respiratory  system,  35 
structure,  32-34 
Insect-mites,  322 
Irritant  beetles,  265,  267 
caterpillars,  276 
Ischnuridae,  336 
Isopoda,  361 

Itch,  treatment  of,  324,  326 
Itch-mites,  324-327 
Ixodes,  309,  310 
Ixodidas,  302,  304-321 
Ixodinae,  307-315 
synopsis  of  genera,  309 

Jam-mite,  331 
Jassidas,  238 
“  Jerrymunglums,”  340 
“  Jiggers,”  227-228 
Johannseniella,  13 1 

Kerteszia ,  96 
King-crabs,  300 

Lacewings,  296 
Lamellicorn  beetles,  264 
Lantern-flies,  238 
Larva,  Agrion,  294 
alder-fly,  295 
Anopheles,  61,  95 
ant-licn,  296 
Apiochaeta,  159 
Auchmeromyia,  174 
bed-bug,  234 
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Larva,  caddis-fly,  298 
Chaoborus,  74 
Chironomus,  129 
Cordylobia,  175 
Culicidae,  60-63 
Dermatobia,  208 
Dermestes,  268 
Diptera,  51-52 
Dixa,  138 
dragon-fly,  294 
Dytiscus,  266 
Ephemerida,  293 
Eristalis,  158 
flea,  221 
Glossina,  188 
Gyrinus,  266 
Haemaphysallis,  314 
Homalomyia,  203 
house-fly,  167 
mayfly,  293 
Megarhinus,  62 
Mochlonyx,  74 
Nauplius,  352 
Ornithodorus,  320 
Perla,  291 
Phlebotomus,  125 
Rhyacophilus,  298 
Simulium,  133- 134 
Stegomyia,  60,  86 
Tabanus,  144 
Larvicides,  69 
Lasiocampidae,  276 
Lathrodectes,  338 
Leaf-hoppers,  238 
Leaf-insects,  283 
Leicesteria,  88 
Lepidophthirius,  246 
Lepidoptera,  274-279 
Lepidoselaga,  146,  148 
Lepisma,  290 
Lepopteryx,  214 
Leptidae,  142,  153 
Leptinidae,  266 
Leptis,  153 
Leptoconops,  13 1 
Leptostraca,  360 
Lice,  blood-sucking,  240-247 
destruction  of,  245 


Lice,  pathonomy,  240-241 
Limacodidae,  276 
Linguatula,  343 
Linognathus,  247 
Lipoptena,  210,  21 1,  212,  213 
Lispa,  203,  204 
Locustidae,  284 
Locusts,  284 
Locust-shrimps,  362 
Lcemophloeus,  267 
Lonchopteridae,  142 
Lophoscelomyia ,  96 
Loxaspis,  235 
Lucilia,  166,  173 
Lymantridas,  276 
Lynchia,  212, 

Lyperosia,  177,  182-183 

Macaw-worm,  208 
Macrura,  357 

Maggots,  parasitic,  41,  158,  159, 
160,  173-175,  202,  203,  205- 
207 

Malacostraca,  356 
Malaria  and  mosquitoes,  21,  66 
Mallophaga,  248 
Mange-mites,  324-327 
M a?iguinhosia,  96 
Mansonia,  79,  90-91 
Mantidae,  283 
Mantispidae,  296 
Mantis-shrimps,  362 
Margaropus,  310,  312 
Mayflies,  292,  293 
Meal-moths,  277 
Meal-worm,  270,  271 
Mecoptera,  297 
Megalorhini,  76,  77 
Megarhinus,  62,  77 
Megistopoda,  214 
Meloidse,  269 
Melophagus,  21 1,  212 
Membracidae,  238 
Menopon,  248 
Metamorphosis,  36 
Microcephalus,  207 
Midaidae,  142 
Millipedes,  344,  347 
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Mochlonyx,  74,  75 
Monkey-louse,  246 
Monkey-mites,  323 
Mosquitoes,  classification,  71,  75, 
76 

natural  enemies,  70,  71 
pathonomy,  66,  67 
range  of  flight,  65 
sanitary  control,  67,  72, 
Mouse-mites,  332 
Mouth-parts  of  bird-lice,  248 
of  bugs,  230,  231 
of  Culicidae,  44,  57 
of  Culicoides,  130 
of  Diptera,  43-46 
of  flea,  218 
of  Hemimerus,  281 
of  Hippoboscidae,  21 1 
of  Insecta,  32 
of  lice,  241 

of  Muscidae,  45,  161,  177 
of  Orthoptera,  280 
of  Simulium,  132 
of  Tabanidae,  44,  143 
of  ticks,  304,  305 
Mucidus,  92 
Musca,  165,  166-172 
corvina,  166 
domestica,  166 
hibernation,  167 
range  of  flight,  169 
sanitary  control,  169-172 
Muscidae,  163,  164-201 
synopsis  of  genera,  165,  166,  177 
Muscidea,  classification,  163 
Muscina,  165,  172 
Mutilla  glossinae,  258 
Mutillidae,  258 
Mycetophilidae,  57,  139 
Mycteromyia,  149 
Mycterotypus,  13 1 
Myiophthiria,  213 
Myobiidae,  232 
Myriapoda,  344-347 
Myrmeleontidae,  296 
Myzomyia,  96 
Myzorhynchella ,  96 
Myzorhynchus,  96 


Nabidin^e,  236 
Natural  enemies,  26,  27 
of  mosquito  larvae,  70,  7 1 
Naucoridae,  238 
Nauplius  larva,  352 
Nearctic  Region,  9 
Nebalia,  361 
Necrobia  rufipes,  268 
Nematocera,  56-140 
classification,  54,  56-57 
Nemestrinidae,  155 
Nemopteridae,  296 
Neocellia ,  96 
Neomyzomyia ,  96 
Neopsylla,  223,  226 
Neostethoftheles ,  96 
Neotabanus,  146 
Neotropical  Region,  8 
Nepa,  238 

Neuroptera,  295-297 
Niptus  hololeucus,  269 
Nitidulidae,  269 
Notonectidae,  238 
Notostigmatiae,  347 
Nycteribia,  214 
Nycteribiidae,  214,  215 
Nycteribosca,  214 
Nyssomyzomyia ,  96 
Nyssorhynchus,  96 

Obtected  pupa,  52 
Odonata,  293-295 
QEcacta,  131 
(Edemagena,  206 
CEstridae,  163,  204 
synopsis  of  larvae,  205-207 
(Estroderma,  207 
(Estromyia,  206 
(Estrus,  205,  207 
Olfersia,  212 
Opiliocaridae,  302,  332 
Opiliones,  301 
Organic  environment,  9-1 1 
Oribatidae,  303,  332 
Oriental  Region,  9 
Ornitheca,  212 
Ornithodorus,  318 
synopsis  of  species,  318,  319 
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Ornithodorus  coriaceus,  320 
megninii,  321 
moubata,  319,  320 
savignyi,  320 
talaje,  321 
turicata,  321 
Ornithomyia,  212 
Ornithophila,  212 
Orphnephilidae,  56,  140 
Orthoptera,  280-285 
Oscinidae,  162 
Ostracoda,  354 
Otodectes,  326 
Otostigminae,  346 
Oxypterum,  213 

P/EDERUS,  267 
Palaearctic  Region,  9 
Palpigradi,  300 
Pampas  bug,  237 
Panama  larvicide,  69,  70 
Pangonia,  149,  150 
Pangoniinae,  synopsis,  148-150 
Panorpidae,  297 
Paradyschiria,  214 
Parasite,  definition,  17,  18 
Parasitic  beetles,  266 
Orthoptera,  282 
Parthenogenesis,  35 
Patagiamyia ,  96 
Pauropoda,  344 
Pea-weevil,  272 
Pectines  of  scorpion,  334 
Pedicinus,  246 

Pediculidae,  synopsis  of  genera,  246 
Pediculoides  ventricosus,  327-329 
Pediculus,  242-244,  246 
Pedipalpi,  300 
Pelecorhynchus,  149 
Penicillidia,  215 
Pentastomida,  341-343 
Pericoma,  122 

Pericoma  townsvillensis,  123 
Peripatus,  16 
Periplaneta,  282 
Perla,  larva,  291 

Pests  of  grain,  267-273,  276-279, 
330 


Pests  of  provisions,  267-273,  276- 
279,  288,  330 
Petiolata,  252 
Phalangidea,  301 
Pharyngobolus,  206] 
Pharyngomyia,  206 
Phasmidae,  283 
Philaematomyia,  177,  184,  185 
Phlebotomus,  123-128 
African  species,  127 
American  species,  127,  128 
Asian  species,  126,  127 
European  species,  126 
Phoridae,  158-160 
Phthirius,  244,  246 
Phyla  of  animals,  2 
Phyllodromia,  282 
Phylogeny,  3 
Phytophaga,  264,  272 
Pigeon-tick,  318 
Piophila,  162 
Pipunculidae,  160 
Pito  bug,  236,  237 
Pityocera,  149 
Plant-lice,  238 
Platypezidae,  160 
Platypsyllidae,  266 
Plecoptera,  291 
Plodia  interpunctella,  2  77 
Pneumonyssus,  323 
Podadora,  338 
Pollenia,  165,  172 
Polyctenidae,  236 
Polymorpha,  264,  266 
Polyplax,  247 
Pompiliidae,  258 
Pond-skaters,  237 
Porocephalus,  342,  343 
Potamon  de  Haani,  358,  360 
Potamon  obtusipes,  358,  360 
Praying  Mantis,  283 
Proctotrypidae,  254 
Pronopes,  149 
Proventricle  of  flea,  220 
Pseudopangonia,  150 
Pseudoparasites,  18,  19 
Pseudoscorpions,  300 
Pseudotabanus,  150 
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Psocidae,  288 
Psoroptes,  325,  326 
Psychodidas,  121-128 
Psyllidae,  238 
Ptilinum  of  Diptera,  53 
Ptinidae,  269 
Pulex,  323,  324 
Pulex  irritans,  224 
Pulicidae,  synopsis  of  genera,  223 
Pulvillus,  47 
Pupa  of  flea,  222 
of  Glossina,  188 
Pupae  of  Diptera,  52-54 
Pupipara,  55,  209-215 
Pycnogonida,  300 
Pycnosoma,  166,  173 
Pygidium  of  flea,  219 
Pygiopsylla,  223,  225 
Pyralis  farinalis,  277 
Pyretophorus ,  96 

Raillettia,  322 
Ranatra,  238 
Range  of  house-fly,  169 
of  mosquitoes,  65 
Rat-flea,  224,  225 
Rat-mite,  322 
Rat-tailed  larva,  158 
Raymondia,  214 
Red-“  spider,”  323 
Reduviidae,  236,  237 
Reighardia,  343 
Rhincestrus,  206 
Rhinomyza,  149 
Rhinonyssus,  323 
Rhiphidiidae,  295 
Rhipicentor,  309,  312 
Rhipicephalus,  309,  310 
Rhizocephala,  355 
Rhizopertha  pusilla,  268,  269 
Rhyacophilus  larva,  298 
Rhynchophora,  264,  272 
Rhynchota,  230-239 
Rhyphidae,  56,  138 
Rhyphus  fenestralis,  138 
Rice-weevil,  272 
River-crabs  and  liver-fluke,  358 
Robber-crab,  357 


Robber-flies,  153,  154 
Rocky  Mountain  tick,  314 
Rogenhofera,  207 
Rove-beetles,  266 

Sabethini,  76-77 
Sacculina,  355 
Sand-hopper,  362 
Sanitary  control,  principles,  26-30 
house-flies,  169-172 
mosquitoes,  67-72 
Sarcophaga,  202 
Sarcophagidse,  163,  202 
S  arc  op  sy  lli dee ,  227 
Sarcoptes,  325 
Sarcoptidae,  303,  324 
Saw-flies,  252 
Scab-mites,  324 
Scale-insects,  238 
Scarabaeidae,  264 
Scatophaga,  163 
Scatophagidae,  162 
Schizophora,  55,  161-208 
Schizopoda,  361 
Sciara,  139 

Sclater  on  Geographical  Distribu¬ 
tion,  8-9 

Scolopendridae,  346 
Scolytidae,  272 
Scorpionidae,  335 
Scorpionidea,  333 
Scorpion-flies,  297 
Screw-worm,  173 
Scutigeridae,  347 
Selasoma,  146 
Sepsidae,  162 

Sesarma  de  Haani,  358,  359 
Sessiliventres,  251 
Sheep-tick,  212 
Sialidas,  295 
Sicus,  161 
Silphidae,  266 
Silvanus  surinamensis,  267 
Silver-fish-insect,  289,  290 
Silvius,  150 
Simuliidae,  131-136 
Simulium,  133-136 
larva  and  pupa,  133- 135 
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Siphonaptera,  216-229 
Siphunculata,  240-247 
Siricidae,  252 
Slug-caterpillar,  276 
Snake-flies,  295 
Solenoptes,  247 
Solifugas,  339-340 
Solitary  wasps,  257 
Solpugidae,  340 
Spathicera,  205 
Species,  definition,  4-5 
Spelasorhynchidae,  321 
Sphegidae,  259 
Spiders,  336-339 
Spider-venom,  338 
Springtails,  290 
Squama  of  Diptera,  47 
Staphylinidae,  266- 
Stegomyia,  83 
Stegomyia  fasciata,  84-87 
larva,  60 

mosquitoes  resembling,  87 
Stegomyia  pseudoscutellaris,  88 
scutellaris,  87-88 
sugens,  88 

Sternopleural  bristles,  50 
Sternopteryx,  213 
Ste thorny ia,  96 
Stibasoma,  146 
Stick-insects,  283 
Sting  of  hornet,  254,  255 
of  wasp,  254,  255 
Stings,  treatment  of,  256 
Stomatopoda,  362 
Stomoxys,  i77>  178-182 
African  species,  1 80-1 81 
American  species,  18 1 
Asian  species,  179-180 
Australian  species,  182 
European  species,  179 
Stomoxys  calcitrans,  178,  179,  18 1 
Stone-flies,  291 
Stratiomyidae,  142 
Strebla,  214 
Streblidae,  2 13-2 14 
Strepsiptera,  273 
Strobilcestrus,  206 
Stygeromyia,  177,  184 


Substitution  royalties,  287 
Sugar-mites,  330 
Symbiosis,  18 
Symphoromyia,  153 
Symphyla,  344 
Syncarida,  361 
Syrphidae,  157 

Taeanid^e,  143-153 
Tabaninas,  synopsis  of  genera,  145- 
146 

Tabanus,  146 

eggs^and  larva,  144 
Tachinidae,  163,  204 
Taeniorhynchus,  92 
Tanaidacea,  361 
Tanglefoot,  17 1 
Tanypus,  130 
Tardigrada,  301 
Tarsonemidm,  303,  327 
Tegula  of  Diptera,  47 
Tenebrio  molitor,  270,  271 
Tenebrioides,  268 
Tenebrionidae,  271 
Tenthredinidae,  252 
Termites,  285-287 
defence  against,  287 
Tersesthes,  131 
Theobaldia ,  82,  83 
Therevidae,  142,  154 
Thrips,  239 

Thyridanthrax  abruptus,  155,  156 
Thysanoptera,  239 
Thysanura,  289 
Tick-flies,  209 
Ticks,  304-321 
pathonomy,  23 
Tiger-beetles,  265 
Tinea,  278 
Tineidas,  278 
Tipulidas,  56,  137 
Tobacco-weevil,  269 
Tree-hoppers,  238 
Tribolium  confusum,  270,  271 
ferrugineum,  270,  271 
Trichobius,  213 
parasiticus,  214 
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Trichodectes,  248 
Trichopalpus,  153 
Trichoptera,  297 
Trombidiidas,  303,  323 
Trypetidse,  162 
Tsetse-flies,  185-201 
parasites,  192 
sanitary  control,  191,  192 
Tubulifera,  255 
Tumbu-fly,  175 
Tyroglyphidae,  303,  329-331 
Tyroglyphus,  330 
Udenocera,  146 
Uranotaenia,  79,  89 
annulata,  89 
Uropodidse,  303,  323 
Urticating  beetles,  265,  267,  268, 
271 

caterpillars,  276 
Orthoptera,  281,  284 

Variation  and  varieties  of 
species,  4 
Vejovidae,  336 
Yelvet-ants,  258 
Velvet-mites,  323 

Venation  of  Diptera,  48,  49, 
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Venom-apparatus  of  hornet  and 
wasp,  254,  255 
Venomous  Arthropoda,  24 
spiders,  338 

Wallace  on  Geographical 
Regions,  8-9 

Warehouse  pests,  267-273,  276- 
279,  330 
Wasps,  257 
Water-bugs,  238 
Water-mites,  332 
Water-scorpion,  238 
Water-striders,  237 
Weevils,  272 
Whirligig  beetles,  266 
‘‘White  Ants,”  285-287 
defence  against,  287 
Wings  of  Diptera,  47-50 

Xenopsylla,  223,  224 
Xiphosura,  300 

Yellow  fever  and  Stegomyia, 
67 

Zoogeographical  Regions,  7-9 
Zoological  nomenclature,  5-6 
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